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Both genes and environments are known to play important roles in the onset and 
development of myopia. Family history of myopia is a major risk factor for 
myopia and ocular biometry and represents a surrogate for genetic or shared 
environmental factors. However, current evidence also suggests that 
environmental factors such as near work and outdoor activity are implicated in the 
development of myopia and longer axial length (AL). Height and birth weight are 
potential risk factors for myopia and ocular biometry. 
Objectives: 
 
The primary aim is to investigate the risks factors for myopia and ocular biometry 
in Singapore Chinese preschool children aged 6 to 72 months. The secondary aims 
include assessment of the association of family history of myopia, near work, 




A population-based cross-sectional study, with disproportionate random sampling 
by 6-month age groups, was conducted to determine the prevalence of and risk 
factors for myopia in a representative sample of 3009 Singaporean Chinese 
preschool children aged 6 to 72 months living in the South-Western and Western 
part of Singapore. Spherical equivalent refraction (SER) was measured using 
cycloplegic autorefraction or streak retinoscopy. AL was obtained monocularly 
using non-contact partial coherence interferometry (IOL Master). Height and 




myopia, near work and outdoor activities, birth parameters and parental smoking 
were determined by comprehensive questionnaires.  
Results: 
 
Children with two myopic parents were more likely to be myopic (adjusted odds 
ratio (OR) = 1.91; 95% confidence interval (CI) = 1.38 - 2.63), and were found to 
have a 0.35 diopters (D) (95% CI = -0.47 - -0.22) more myopic SER and a 0.16 
mm (95% CI = 0.08 - 0.24) longer AL than children without myopic parents. For 
each 1 cm increase in height, the SER was more myopic by 0.01 D and AL longer 
by 0.02 mm. Neither near work nor outdoor activity was associated with myopia. 
The proportion of children with myopia was significantly less than among those 
whose mothers ever smoked compared to those whose mothers never smoked 
(7.6% vs. 11.8%, p = 0.047). Birth weight was associated with longer AL 
(regression coefficient = 0.26; 95% CI = 0.18 - 0.33). 
Conclusion: 
 
Our study found an association of family history of myopia with prevalence of 
myopia, more myopic refraction and longer AL in Singaporean Chinese preschool 
children aged 6 to 72 months. Height was associated with more myopic SER and 
longer AL. Birth parameters were associated with longer AL. Maternal smoking 
appeared to reduce the risk of myopia in this very young group of children. Key 
lifestyle factors such as near work and outdoor activity were not significantly 
associated with myopia in this study which might be due to the lesser amount of 
nearwork or outdoor activity performed. This contradicts the association between 
myopia and near work or outdoor activity found in older children reported by 
previous studies in which the findings suggest that the cumulative effects of near 




children aged more than 6 years during the school years. In summary, genetic 
factors may play a more substantial role in the development of early-onset myopia 
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 Myopia is a common ocular disease that affects about 1.6 billion people 
globally. In Caucasian populations, approximately 20% to 25% of the individuals 
develops myopia.[1] In contrast, the prevalence of myopia is much higher and 
reaching epidemic levels of up to 80% in selected regions of Asian countries such 
as Taiwan, Hong Kong and Singapore.[2-4] Myopia is a major public health 
problem because of under-correction and undiagnosed cases, which can lead to 
visual impairments and potentially blinding ocular complications.[5] Myopia also 
poses a direct economic burden resulting from the cost of refractive correction 
through repeat optometry visits and prescription of spectacles, contact lenses and 
refractive surgery.[6] In Singapore, the mean annual direct cost of myopia for 
each school children aged 7 to 9 years is US$148.[7] Myopia is a complex eye 
disease, in which both genetic and environmental factors contribute to its 
development.[8] Twin heritability, familial aggregation, pedigree segregation and 
linkage studies provide evidence to support a major genetic component 
influencing myopic development.[9-12] Additionally, environmental factors such 
as near work and outdoor activity appear to also play an important role in the 
development of myopia.[13-15] This review aims to summarise the known as well 
as controversial risk factors for myopia and ocular biometry including family 
history, near work, outdoor and stature, birth parameters, smoking and 
breastfeeding in children. 
1.2 Background 




The refractive components of the eye mainly comprise the corneal power, 
anterior chamber depth, lens power and AL.[16] When there is a mismatch 
between the refractive power of the anterior segment of the eye and AL, i.e. 
disruption of emmetropisation particularly by environmental and/or genetic 
factors, ametropia occurs. Myopia develops when the image is focused anteriorly 
with respect to the retina as the consequences of optical power of the cornea or 
lens being relatively large compared to the AL and/or the eye ball elongating 
abnormally. Myopic individuals can see near objects clearly but not far ones. 
1.2.2 Emmetropisation 
Emmetropisation is the process whereby the refractive power of the 
anterior segment of the eye compensates for the increase in the axial length (AL) 
during the growth phase by reducing its refractive power proportionately. The set 
point of emmetropisation is fixed so as to enable the eye to focus clearly on far 
objects. Emmetropisation typically takes place in the first eighteen months of life 
and emmetropia is reached at approximately 9 to 14 years of age, with no further 
refractive changes in normal eyes after 16 years.[17, 18] Both active and passive 
factors interact to guide the refractive error of the eye towards emmetropia, a 
balance of refractive power of the eye and its ocular dimension.[19] Normally, the 
eyes rapidly shift from neonatal hypermetropia to nearly emmetropia within the 
first year of life, which is then followed by a gradual decline in the rate of shift to 
emmetropia after the first year.[20]  
1.2.3 Animal Models of Myopia 
In experimental models, macaque monkeys with surgically fused eyelids, 
an example of visual deprivation, experienced excessive AL elongation and 




experimental myopia study and in the years since, models of visual deprivation of 
myopia has been developed in a wide variety of animal species, including 
chick,[22, 23] tree shrew,[24, 25] guinea pig,[26, 27] and adult monkey.[28] In 
another experimental method of using positive and negative lens to induced 
optical defocus in chick eyes, it was showen that the eye developed hyperopia 
with positive lens and myopia with negatice lens.[22] The animal models of 
myopia suggest that both retinal image degradation (hyperopic and myopic 
defocus) and accommodation play important roles in AL elongation and myopia 
formation in animals.[29] Experimental models of myopia suggest an important 
role of environmental factors in degradation of image quality which could lead to 
myopia development.[21, 24, 30] Taken together, animal models of myopia 
suggested that the degradation of retinal image effects retinal signaling cascade 
through neurochemical modulation,[31] a change in choroidal growth,[32] scleral 
remodeling[33, 34] and ultimate regulation of the growth of eye size and shape.  
However, questions still remained on the extrapolation of the animal 
models of myopia to physiologic human myopia because basic biological and 
anatomical differences exist between the eyes of humans and animals.[35] Firstly, 
children are unlikely to have visual deprivation of similar magnitude to that 
produced by plastic occluders or by lid fusion in animals. For instance, a study of 
ten patients with either unilateral congenital cataracts or blepharoptosis, both 
arguably “visual deprivations” in humans, did not found significantly longer AL 
in the deprived eye compared to the fellow eye suggesting the effect of visual 
deprivation on eye growth is less predictable in humans.[36] Secondly, the 
sensitive period for myopia onset in humans and the different types of animal 




occurs much later in life at between the ages of 8 to 14 years old which is 
inconsistent with the sensitive period to myopia onset in animal models. The 
similar sensitivite period in both primates and chicken models, however, occurs 
much earlier in life when translated to human age.[37] 
1.2.4 Genes and Environment 
The strongest evidence of an environmental-induced myopia in humans 
comes from the effect of near work activities, specifically education, and 
association with an increased prevalence of myopia,[13, 38-42] This led to the 
hypothesis of the use-abuse theory of myopia because of the observed higher 
amount of near work performed in myopic individuals.[43] In contrast to 
environmental factors, the major role of a genetic determinant of myopia and AL 
is unanimously accepted and evidence comes from the numerous studies on 
familial inheritances, twin heritability, pedigree segregation and linkage 
analysis.[9-12, 44-51] The genetic theory is based on the principle that the natural 
variation in eye growth will produce myopia in susceptible individual.[43] Indeed, 
a broad range of cell signaling and biochemical pathways in the regulation of eye 
growth have been recognised in animal models.[52] 
1.2.5 Definition of Myopia in Epidemiologic Studies 
Refractive error is commonly quantified as spherical equivalent refraction 
(SER) (sphere plus half negative cylinder) in diopters (D) on a continuous scale. 
Most commonly used and widely acknowledged definitions of myopia in 
epidemiologic studies include SER of at least -0.5 D, -0.75 D and -1.0 D.[53] The 
Refractive Error Study in Children (RESC) used the definition of myopia as SER 
of at least -0.5 D.[54] Other definitions include moderate myopia defined as SER 




-10.0 D respectively. It should be noted that the cutoff values for myopia is 
arbitrary and serve to determine the presence or absence of myopia. However, 
setting an arbitrary cutoff for a physiologic range limits the comparison of studies 
using dissimilar criteria and disregards the elongation of the AL. To date, there is 
no universal accepted definition of myopia. 
1.2.6 Axial Length and Myopia 
 Myopia is associated with longer eyes in population-based studies.[55, 56] 
AL is often regarded as the primary determinant of refractive error compared with 
other refractive components such as the anterior chamber depth, corneal power 
and lens power.[16, 57-59] Moreover, the correlation with SER is larger for AL 
than for other components.[60] Children with longer AL were shown to have the 
greater risk of developing myopia.[61] However, AL appears to associate with 
myopia only when emmetropisation failed, which leads to longer eyeballs in 
myopic individuals than emmetropic individuals.[16] Indeed, emmetropia can be 
associated with a range of AL which overlaps significantly with the range that is 
associated with myopia.[58, 59, 62, 63] 
1.2.7 Complications of High and Pathologic Myopia 
High myopia (SER at least -6.0 D) poses a greater risk for pathological 
fundus changes and may be accompanied by pathological form of myopia that is 
malignant myopia.[64] Excessive elongation of the eyeball may be associated 
with an increase risk of ocular pathologies including cataract, glaucoma, optic disc 
abnormalities, chorioretinal abnormalities and age-related macular 
degeneration.[65-73] In the Blue Mountains Eye Study[66] which examined 2334 
Australian White adults aged 49 years and older, the multivariate odds ratio (OR) 




D) after adjusting for age, sex, smoking, education, iris, inhaled steroids. In the 
Beaver Dam Study[73] conducted in the American Whites (n = 4670; aged 43 to 
86 years), the age and gender adjusted OR of prevalent primary open-angle 
glaucoma (POAG) was 1.6 (95% CI (1.1, 2.3)) for myopia (SER at least –1.0 D). 
Curtin and Karlin[72] analysed 1437 eyes of Whites and found that chorioretinal 
atrophy was absent in subjects with AL less than 24.5 mm whereas it was present 
in 23% of subjects with AL greater than or equal to 24.5 mm. Fuch’s spot was 
almost absent when the AL was less than 26.5 mm whereas it was present in 5.2% 
of subjects with AL greater than or equal to 26.5 mm. Lacquer cracks was absent 
in subjects with AL less than 26.5 mm whereas it was present in 4.3% of subjects 
with Al greater than or equal to 26.5 mm. White without pressure was absent in 
subjects with AL between 20 to 21 mm whereas it was present in 54% of subjects 
with AL of 33 mm. Lastly, the percentage of lattice degeneration increased with 
elongation of AL (p < 0.01). Among the 5114 Whites from Netherlands aged 55 
and older,[69] the disc area and neural rim area increased by 0.033 mm2 (95% CI 
(0.027, 0.038)) and 0.029 mm2 (95% CI (0.025, 0.034)) respectively for each 
diopter increase in myopia. The prevalence of parapapillary atrophy was higher 
(zone alpha and zone beta increased by 0.4% (95% CI (0.03, 0.8) and 1.3% (95% 
CI (0.57, 1.9) respectively) for each diopter increase towards myopia.  
1.2.8 Public Health and Socioeconomic Impact of Myopia 
Under-correction of myopia is a major public health problem worldwide 
and is one of the leading causes of visual impairment among school-aged children 
and undermines their vision-related quality of life.[74-78] Another public health 
issue is related to the potentially blinding ocular complications (cataract, 




This is a significant problem in countries with increased prevalence of high 
myopia for instance the East Asian nations and in certain susceptible ethnic 
groups such as the Chinese. Blindness can lead to a heavy loss of economic 
productivity especially if it struck at the peak productivity. 
Highly myopic individual may experience an impaired quality of life. A 
study on 112 myopic patients aged 18 to 65 in the United Kingdom found that 
highly myopic individuals had significant worse vision related quality of life 
(QOL) scores (VCM1).[81] The study also showed that high degrees of myopia 
have an adverse effect on the quality of life that is comparable to that of patients 
suffering from eye diseases such as keratoconus. In particular, high myopes 
expressed psychological, cosmetic, practical and financial factors associated with 
wearing thick spectacles lenses as major handicaps in everyday life which 
augmented the reported worst QOL. 
Significant myopia poses a life-long recurrent use of optician services such 
as prescription of spectacles and contact lenses, contact lenses solutions and repeat 
optometry visits. There are also medical cost associated with treating myopia 
induced morbidities such as retinal detachment, glaucoma and cataract, and 
associated visual disability and blindness.[82] Myopia is associated with 
considerable financial burden in Singapore; the mean and median annual direct 
cost of myopia for each Singapore school children aged 7 to 9 years was S$221.68 
(US$148) and S$125.00 (US$83.33) respectively.[7] Based on age-specific 
prevalence of myopia, it was estimated to cost Singapore S$37.5 million (US$25 
million) to correct myopia in Singapore teenagers. Recently in the United States, 




impairment owing to refractive error to be between US$3.9 billion and US$7.2 
billion.[83] 
1.3 Prevalence of Myopia 
1.3.1 Methodology of the literature search 
The search was conducted in Pubmed. Keywords used were “refractive 
error” and “prevalence”. A total of 1820 articles were retrieved. 97 titles were 
selected on relevance to prevalence of myopia. The abstracts of the titles selected 
were screened. Finally, 26 abstracts were deemed relevant and the journal articles 
were retrieved and reviewed.(Figure 1) 
71 excluded based on 
irrelevance  to prevalence of 











1723 excluded based on titles
N=26  
Figure 1. Flowchart for Pubmed (Medline) Search on the Prevalence of Myopia in Children 
 
1.3.2 Myopia Prevaence among Asian Children 
The RESC is a joint comparative study of the prevalence rate of myopia in 
urban cities and rural villages in Asian as well as Non-Asian countries. A total of 
11 locations included in the RESC used similar protocol, sampling strategies and 
definitions.[54] Briefly, children aged 5 to 15 years were randomly sampled in 
clusters in population-based prevalence surveys. Myopia was defined as SER at 
least -0.5 D and cycloplegic refraction measured using streak retinoscopy and 




Among the Asian countries conducted by RESC, the prevalence rate of 
myopia was highest in urban China (78.4% in 15-year-old Chinese 
children)(Table 1)[77] and lowest in rural Nepal (less than 3% in Nepalese 
children aged 5 to 15 years).(Table 1)[84] In the Gombak district of Malaysia, 
prevalence of myopia was lowest in the 7-year-old (10%), rising to 16.2% among 
the 10-year-olds and reaching the highest in the 15-year-old children (32.5%); 
Chinese children had the highest prevalence of myopia (46.4%), followed by 
Indians (16.2%) and Malays (15.4%) across all ages.(Table 1)[85] In Nepal, 
prevalence of myopia ranged from 10.9% in 10-year-olds children, 16.5% in the 
12-year-olds, to 27.3% in 15-year-olds children living in the urban region whereas 
it was less than 3% in rural Nepalese aged 5 to 15 years.(Table 1)[84, 86] In India, 
the prevalence of myopia ranged from 4.68% in the 5 year-olds, 6.95% in the 10-
year-olds and 10.8% among the 15-year-olds in the urban city. In the rural region, 
the prevalence of myopia was 2.8% in the 7-year-olds, 4.06% in the 10-year-olds 
and 6.74% in the 15-year-olds.(Table 1)[78, 87] In China, the prevalence of 
myopia was neligible in the 5-year-olds, and increased to 36.7% in the 15-year-
olds males and 55% in the females in the rural part of Northern China.(Table 
1)[76] In rural region of Southern China, 36.8% of 13-year-olds, 43% of 15-year-
olds and 53.9% of 17-year-olds were myopic.(Table 1)[88] Among Chinese 
children in urban region of China, the prevalence of myopia ranged from 5.7% in 
the 5-year-olds, 30.1% in the 10-year-olds and increasing to 78.4% in the 15-year-
olds.(Table 1)[77] 
In Singapore, the prevalence of myopia was 29% in 7-year-olds, 34.7% in 
8-year-olds and 53.1% in 9-year-olds based on the school-based population of the 




the population-based survey, Strabismus, Amblyopia and Refractive error Study 
in Singapore Preschool Children (STARS)(Table 1)[90] showed that the age-
adjusted mean prevalence of myopia was 11% in Chinese children aged 6 to 72 
months. 
In Hong Kong, the prevalence of myopia (SER ≤ -0.5 D) in 1991 ranged 
from 27.3% to 33.3% in the 6 to 7-year-olds group to 52.6% to 71.4% in the 16 
to17-year-olds group among 383 Chinese children aged 6 to 17 years.[91](Table 
1). In a clinic-based five-year longitudinal study conducted from 1991 to 
1996,[92](Table 1) 123 Hong Kong Chinese children aged 7 years at start of study 
was examined. The study showed that the prevalence of myopia (SER ≤ -0.5 D) 
increased from 11% at 7 year to 35% at 10 year old and increased to 55% at 12 
years old. The largest cross-sectional survey on the prevalence of myopia was 
performed in 7560 Hong Kong Chinese children from 1998 to 2000 aged 5 to 16 
years using cycloplegic autorefraction to assess SER.[93](Table 1) Myopia was 
defined as SER ≤ -0.5 D. Overall, the prevalence of myopia was 36.71% (standard 
deviation (SD) = 2.87) among all the children. But there was a trend for myopia 
prevalence to increase with age. For instance, the prevalence was 17% in children 
aged less than 7 years and which increased to 37.5% among those aged 8 years 
and 53.1% in children aged more than 11 years. 
In Taiwan, five large-scaled population-based studies[2, 94-96] were 
performed to determine the prevalence of myopia and rate of progression of 
myopia. The prevalence of myopia among Taiwanese Chinese primary school 
children aged 7 years was 5.8% in 1983, 3.0% in 1986, 6.6% in 1990, 12.0% in 
1995 and 20% in 2000.(Table 1) Among Taiwanese children aged 12 years, the 




junior high school level, the prevalence was 64.2%, 61.6%, 74%, 76% and 81% 
respectively.(Table 1) Among children aged 16 to 18 years, myopic prevalence 
rates was almost constant at around 74% to 75% in studies conducted in 1983, 
1986 and 1990. However, the prevalence rate increased to 84% in studies 
conducetd in 1995 and 2000.(Table 1) 
1.3.3 Myopia Prevalence among Non-Asian Children 
  RESC was conducted in a few non-Asian populations. In Brazil, the 
prevalence of myopia was 5.4% to 6.05% among the children aged 11 to 14 
years.(Table 2)[97] Among South African children, prevalence of myopia was 
generally about 3% or 4% before increasing to 6.3% in the 14-year-olds and 9.6% 
in the 15-year-olds.(Table 2)[98] In suburban region of Chile, 3.4% of the 5-year-
olds were myopic and the prevalence rate rose to 19.4% and 14.7% in males and 
females aged 15 years respectively.(Table 2)[74] 
In Australia, a population-based survey conducted by the Sydney Myopia 
Study (SMS) found the prevalence of myopia was 11.9% in the 12-year-olds 
(predominantly Caucasians)(Table 2)[99], 1.43% among all the 6-year-olds, 
0.79% in the White children and 2.73% among other ethnic groups.(Table 2)[99, 
100] 
In the Orinda Longitudinal Study of Myopia (OLSM), the prevalence of 
myopia increased from a low rate of 4.5% in 6 to 7-year-olds to 28% in 12-year-
olds in a predominantly white population in United States.(Table 2)[101] The 
Multi-ethnic Pediatrics Eye Disease Study (MEPEDS) showed that the mean 
prevalence of myopia in children aged 6 to 72 months was 6.6% in the African-
Americans and 3.7% among the Hispanics.(Table 2)[102] The Baltimore 




myopia was 9.6% in the African-Americans and 1.1% in the White Americans 
aged 6 to 72 months.(Table 2)[103] 
1.3.4 Myopia Prevalence Among Singaporean Adults 
 In a study analysing data from Singapore male conscripts aged 17 to 19 
years conducted from year 1974 to 1978 and 1987 to 1991, the prevalence of 
myopia was 26.3% and 43.3% respectively.[104](Table 3) However, myopia was 
defined using visual acuities less than 6/18 and the prevalence rates were 
calculated for all the 3 major races of Singapore (75% of the Singapore population 
is Chinese, 15% is Malays and 7% is Indians). Two separate studies was 
performed to evaluate the prevalence of myopia among the 3 major races in 
Singapore using the data on male conscripts aged 17 to 19 collected from year 
1987 to 1992[105] and 1996 to 1997.[4](Table 3) Using the criterion of visual 
acuities less than 6/18 to define myopia, the earlier study found that 48.5% of the 
Chinese, 30.4% of the Indians and 24.5% of the Malays were myopic.[105] With 
SER assessed using non-cycloplegic autorefraction and myopia defined as SER ≤ 
-0.5 D, the latter study demonstrated the Chinese, Indians and Malays had 
prevalence rate of 82.2% (95% CI (81.5, 82.9)), 68.7% (95% CI (65.1, 67.1)) and 
65% (95% CI (62.9, 67.1)) respectively.[4]  
At the secondary school levels, the prevalence of myopia for teenagers 
aged 15 to 19 years from the 2 secondary schools was determined to be 73.9% 
using noncycloplegic autorefraction to assess SER.[106](Table 3) The Tanjong 
Pagar study (TPS) analyzed Singapore Chinese adults aged 40 to79 years and 
found the prevalence of myopia (defined as SER ≤ -0.5 D) assessed using 
subjective refraction to be 38.7% (95% CI (35.5, 42.1)).[107](Table 3) The 




years and demonstrated the prevalence of myopia in the right eye (defined as SER 
≤ -0.5 D using subjective refraction) to be 26.2% (95% CI (26.0, 
26.4)).[108](Table 3) Figure 2 shows the prevalence of myopia in Singapore 
across the age groups from the very young to the old. There is a marked increase 
of myopia from the children aged 6 months to young adults aged 19 years even 




































































































Figure 2. Prevalence of myopia (SER at least -0.5 D) across different age groups in Singapore 
Data taken from: STARS[90], SCORM[89], High schools students[106], Male conscripts[4], 
Tanjong Pagar Study[107] and SiMES[108] 
  
1.3.5 Epidemic of Myopia in Asia 
There has been a mark increased trend in prevalence of myopia in the past 
30 to 40 years in Asia.[109] Currently, the high prevalence of myopia is clustered 
among the East Asian countries and especially ‘epidemic’ among the Chinese 
population. 
The most concrete evidence came from the five large-scale population 
surveys conducted in Taiwan[2, 94-96] which have demonstrated a constant 










a 20-year period in Chinese school children. The prevalence of myopia reached 
over 80% among the secondary school leavers aged 16 to 18 years, of which about 
20% were high myopic (defined as SER ≤ -6.0 D) indicating an acceleration of 
change especially over the last decade. In Singapore, the prevalence of myopia 
ranged from about 20 to 30% and 40 to 50% in the 1960s and 1970s respectively 
in the male school leavers.[104] The prevalence of myopia increased rapidly to 
over 80% in the male school-leaving cohort of which 15% were highly myopic in 
the late 1990s.[4] Among the ethnic groups, the Chinese male school leavers were 
slightly more myopic than the Malay or the Indians although the increasing trend 
in the prevalence of myopia was still evident for each ethnic group.[105] The 
latest myopia survey conducted in two secondary school showed a high 
prevalence rate of 79.3% among the school leavers aged 15 to 19 years.[106] In 
Japan, over a 13 year period from 1984 to 1996, the population-based prevalence 
of myopia increased from 49.3% to 65.4% in Japanese students aged 17 
years.[110] Elsewhere in Asia such as China and Hong Kong with predominantly 
Chinese population, the increasing trend towards high prevalence of myopia was 
fairly evident in the urban regions although longitudinal data was unavailable.[3, 
111, 112] Nevertheless, the cohort effect of increasing trend of high prevalence of 
myopia has been disputed.[113] 
1.4 Distribution of Ocular Biometry 
1.4.1 Axial Length 
There are few population-based studies on distribution of AL. Prior studies 
were limited by the study designs and method of technical measurements as AL 
was determined either indirectly[59] or directly with radiography[114, 115]. In 




partial coherence interferometry, such as the IOL Master[100, 117] to provide 
more precise measurement of AL.  
In the SMS which surveyed AL of predominantly European Caucasian 
children (more than 60% of the study population) with IOL Master, the mean AL 
ranged from 22.58 mm in the 6-year-old children and 22.67 mm in the 7-year-
olds,[100] to 23.38 mm in the children aged 11.1 to 14.4 years.[117] The OLSM 
analysed predominantly Caucasian population (87.1% of the study population) 
using ultrasound biometry and reported mean AL of 22.49 mm in the 6-year-olds, 
22.65 mm in the 7-year-olds, 23.31 mm in the 11-year-olds and 23.09 mm in the 
12-year-olds.[116] In the SCORM which used ultrasound biometry, the mean AL 
was 23.1mm in the 7-year-olds, 23.4 mm in the 8-year-olds and 23.8 mm in the 9-
year-old Chinese children.[89] 
 A multi-centre population-based study was conducted in children ages 
less than 6 years in different ethnic groups from four sites of the world. In the 
STARS, the mean AL was 22.12 mm in children aged 30 to 72 
months.(Unpublished) Other study sites included the MEPEDS in Los Angeles, 
United States, BPEDS in Baltimore and Sydney Pediatrics Eye Disease Study 
(SPEDS), of which the distribution of ocular biometry in different populations and 
ethnic groups will be made available soon. 
1.5 Risk Factors for Development of Myopia and Elongation of Axial Length 
1.5.1 Methodology of the Literature Search 
The search was conducted in Pubmed. The keywords for risk factors for 
myopia included “family history”, parental history”, ”nearwork”, “near work”, 
“outdoor”, “stature”, “height”, “weight”, “BMI”, “anthropometry”, “birth 




“gestational age”, “smoking” and “breastfeeding”. All the individual risk factors 
keywords were searched in combination with either “myopia”, “refraction” or 
“axial length” which represents the myopia status. A total of 1986 English titles 
were retrieved. After limiting to studies conducted in children aged less than 18 
years, 698 titles were obtained. Based on relevance to myopia, refraction or axial 
length and their derivatives, 81 titles were selected and had their abstracts 
retrieved. The abstracts were screened for further relevance to topic of interest and 
60 abstracts were deemed relevant and the full journal articles were retrieved and 







Figure 3. Flowchart for Pubmed (Medline) search on risk factors for myopia
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1.5.2 Family History of Myopia 
 There are few population-based studies that consistently show family 
history of myopia as a risk factor for myopia in children.[89, 118, 119] In a 
population-based cross-sectional study of 2353 Sydney school children (60% 
European Caucasian and 15% East Asian) aged 12 years who participated in the 
SMS, children with one myopic parent had about 2 times higher risks (OR = 2.3; 
95% CI (1.8, 2.9)) of developing myopia (defined as SER at least -0.5 D) 
compared to those without myopic parents, after adjusting for age, gender, near 
work, outdoor activity and ethnicity. The risk was approximately 8 times greater 
in children with 2 myopic parents (OR = 7.9; 95% CI (5, 12.4)).as compared to 
children without myopic parents.(Table 5)[118] The level of parental myopia 
followed a dose-response relationship with children’s myopia onset; increasing 
severity of parental myopia conferred a greater risk of myopia. The OR for mild 
myopia (defined as SER from -3 to -0.5 D), moderate myopia (defined as SER at 
least -6 to -3 D) and high myopia (defined as SER at least -6 D) was 6.4 (95% CI 
(1.5, 27.8)), 10.2 (95% CI (2.6, 40.1)) and 21.8 (95% CI (5.3, 89.4)) respectively. 
However, in SMS, the AL of premyopic eyes did not associate with parental 
myopia (defined as SER ≤ -0.75 D in this analysis). 
 In a landmark study conducted on 716 predominantly Caucasian children 
aged 6 to 14 years, premyopic eyes in children with myopic parents was 
demonstrated to have a longer AL than those without myopic parents suggesting 
that the size of the premyopic eyes was already influenced by parental myopia 
status.(Table 5)[119] Moreover, children with 2 myopic parents developed 
myopia more often (11%) than children with 1 myopic parent (5%) or children 
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without myopic parents (2%). Myopia was defined as SER at least -0.75 D in this 
analysis. 
 In a cross-sectional analysis of 1453 Singapore Chinese school children 
aged 7 to 9 years from the SCORM study, having 1 myopic parent increased the 
AL by 0.14 mm (95% CI (0.00034, 0.25)) and 2 myopic parents increased the AL 
by 0.32 mm (95% CI (0.02, 0.03)) compared with no myopic parent after 
adjusting for age, gender, books read per week, school and height.(Table 4)[89] 
Similarly, after controlling for the same confounders, having 1 myopic parent 
lowered the SER by 0.39 D (95% CI (-0.59, -0.18)) and 2 myopic parents reduced 
the SER by 0.74 D (95% CI (-0.97, -0.51)). The OR for myopia for children with 
two myopic parents compared to those with one myopic parent was 1.53 (95% CI 
(1.16, 2.01)). 
 Several other studies showed the association of family history of myopia 
with myopia in children, but these studies suffered from methodological 
limitations such as small sample size, inappropriate sampling strategies, lack of 
cycloplegic refraction and lack of control for major confounders.[10, 46, 51, 120-
124] As a result, it was difficult to interpret the findings of these studies. For 
example, a school based cross-sectional analysis of 7560 Chinese children aged 5 
to 16 years from Hong Kong showed that the number of myopic parents was 
associated with SER, vitreous chamber depth and AL in all children (both myopic 
and non-myopic children).(Table 4)[124] However, this Hong Kong study 
suffered from sampling problems as only selected schools were sampled. 
Two previous studies demonstrated no significant association of family 
history with myopia status in their children.[125, 126] The first study was 
conducted in 123 Hong Kong Chinese school children aged 7 years and followed 
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up to 5 years.[126](Table 4) A lack of association between parental myopia status 
(no myopic parents, 1 myopic parent or 2 myopic parents) and median SER of the 
children was found. Similarly, no association of parental myopia with AL in the 
children was demonstrated. Nevertheless, this study is difficult to interpret 
because of the small sample size used in the analysis. The other study analysed 
514 Chinese children aged between 2 and 6 years but did not find an association 
of parental myopia status with more myopic refraction error and longer AL.(Table 
4)[125] However, this study is limited by the school-based design since the 
schools recruited may not be representative of the general population. 
1.5.3 Near work Activities and Parameters 
In a population-based cross-sectional study on school children recruited in 
the SMS (n = 2339 and aged 11.1 to 14.4 years), near work parameters were 
associated with myopia after adjusting for age, sex, ethnicity, school type, parental 
myopia and outdoor activity.(Table 7)[42] Specifically, children who read 
continuously for more than 30 minutes were 1.5-fold (OR = 1.5; 95% CI (1.05, 
2.1)) more likely to develop myopia compared to those who read less than 30 
minutes continuously. Likewise, children who read at a distance of less than 30 
cm were 2.5 times (OR = 2.5; 95% CI (1.7, 4.0)) more likely to have myopia than 
those who read at a farther distance. Similarly, children who spent longer time 
reading for pleasure and read close at less than 30 cm were more likely to be 
associated with more myopic SER, after adjusting for age, sex, ethnicity and 
school type (p trend = 0.02 and p = 0.0003). 
1005 Singaporean children aged 7 to 9 years were cross-sectionally 
analysed in the SCORM; 72.5%, 19.4%, 5.6%, and 2.5% were Chinese, Malays, 
Indians and children of other races respectively.(Table 6)[13] Children who read 
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more than two books per week were about 3 times more likely (OR = 3.05; 95% 
CI (1.80, 5.18)) to have higher myopia (defined as SER at least -3.0 D) compared 
to those who read less than two books per week, after controlling for age, gender, 
race, night light, parental myopia and school. Children who read more than two 
hours per day had a 1.5 times greater odds (OR = 1.50; 95% CI (0.87, 2.55)) of 
having higher myopia compared to those who read less than this amount, but this 
was not statistically significant. For each increase in book read per week, the AL 
elongated by 0.04 mm after adjusting for the same covariates. There was a 
statistically significant interaction effect of parental history of myopia and books 
read per week on SER (P<0.001). For example, children with two myopic parents 
and read more than two books per week had an age-gender-race adjusted mean 
SER of -1.33 D, while children with no myopic parents and read two or less books 
per week had an adjusted mean SER of -0.19 D. A similar effect was found on AL; 
mean AL of 23.78 mm when the children had two myopic parents and who read 
more than two books per week vs. mean of AL of 23.2 mm in children with no 
myopic parents and who read less than two books per week. 
The OLSM analysed data from 366 eighth-grade Caucasian children 
(mean age of 13.7 ± 0.5 years) and found that the OR of myopia (defined as SER 
at least -0.75 D) was 1.02 (95% CI (1.008, 1.032)) for every diopter-hours spent 
per week, after controlling for parental myopia, diopter-hours per week and 
achievement scores.(Table 7)[121] However, there were no interaction between 
parental myopia and near work (p = 0.67). Apart from that, children with myopia 
were more likely to have parents with myopia. 
Although several studies also showed the association of near work with 
myopia in children but these studies suffered from methodological limitations 
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such as small sample size, inappropriate sampling strategies, lack of cycloplegic 
refraction and lack of control for major confounders.[38, 127-132] 
Near work was also shown to be not associated with myopia.[129, 133] 
Analysis of data from 998 Chinese school children aged 13 to 17 years enrolled in 
the Xichang Pediatric Refractive Error Study (X-PRES) showed the multivariate 
adjusted OR of myopia (defined as SER at least -0.5 D) was 1.27 (95% CI (0.75, 
2.14)) for reading in hours per week and SER was not associated with near work 
(Table 6)[133] However, the study subjects may not be representative of the 
general population since this was a school-based design. In another study, 128 
children were recruited from one kindergarten in Singapore.(Table 6)[129] The 
cross-sectional study found that after adjusting for parental history of myopia and 
age, the OR of myopia was 1.0 (95% CI (0.8, 1.3)) for close-up work activity. 
However, this finding could be due to the small sample size. 
1.5.4 Outdoor Activity and Physical Activity 
There were few prior studies that analyzed outdoor activity as a major 
environmental factor for myopia.[14, 15, 120, 133, 134]  
 The OLSM explored the relationship between myopia and outdoor 
activity among 514 Caucasian children aged 8 to 13 year.(Table 8)[120] Children 
who became myopic (defined as SER at least -0.75 D) by the 8th grade were found 
to perform less sports and outdoor activity (hours per week) at the 3rd grade 
compared to those who did not become myopic (7.98 ± 6.54 hours vs. 11.65 ± 
6.97 hours). In predictive models for future myopia, combined amount of sports 
and outdoor hours per week conferred a protective effect against future myopia 
(OR = 0.91; 95% CI (0.87, 0.95)) after adjusting for parental myopia, reading 
hours and, sports and outdoor hours. Significant interaction was found between 
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the number of parents with myopia and hours of sports and outdoor on the 
development of myopia. 
The SMS (Table 8)[14] analyzed 2367 school children aged 11 to 14years 
(predominantly European Caucasian) and found that a higher level of outdoor 
activity (>2.8 hours per day) was associated with more hyperopic mean SER 
refraction (0.54 D) after adjusting for gender, ethnicity, parental myopia, near 
work activity, maternal and paternal education; students who performed high 
levels of near work but low levels of outdoor activity had the least hyperopic 
mean refraction (0.27 D; 95% CI (0.02, 0.52)), while those who carried out low 
levels of near work but high levels of outdoor activity had the most hyperopic 
mean refraction (0.56 D; 95% CI (0.38, 0.75)). Furthermore, in an analysis 
combining amount of outdoor activity and near work activity spent, children with 
low outdoor and high near work had about 2 to 3 times (OR = 2.6; 95% CI (1.2, 
6.0)) higher odds for myopia compared to those performing low near work and 




Figure 4. Multivariable-adjusted odds ratios (adjusted for gender, ethnicity, parental myopia, 
parental employment, and education) for myopia by reported average daily hours spent on 
near-work versus outdoor activities in 12-year-olds Australians. Activities were divided into 
tertiles of high, moderate, and low levels of activity. The group with high levels of outdoor activity 
and low levels of near work is the reference group. Data taken from [14]. 
 
In Singapore, a cross-sectional study was conducted to analyze the effect 
of outdoor activity on 1249 teenagers aged 11 to 20 years (71.1%, Chinese, 20.7% 
Malays and 0.8% other ethnicities).(Table 8)[15] After adjusting for age, gender, 
ethnicity, school, number of books read per week, height, parental myopia, 
father’s education and IQ level, outdoor activity was significantly negatively 
associated with myopia (OR = 0.90; 95% CI (0.84, 0.96)). For each hour increase 
in outdoor activity per day, the SER refraction increased by 0.17 D (95% CI (0.10, 
0.25)) and the AL decreased by 0.06 mm (95% CI (-0.1, -0.03)), after adjusting 
for the same covariates. 
A 2-year longitudinal cohort study conducted in 143 Caucasian Danish 
medical students (mean age = 23 years) investigated the association between 
physical activity on myopia.(Table 8)[134] The multiple regression showed that 
time spent reading scientific literature was associated with a refractive change 
toward myopia (regression coefficient = -0.063; 95% CI (-0.117, 0.008); p = 0.024) 
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while the association was inversed for the level of physical activity (regression 
coefficient = 0.175; 95% CI (0.035, 0.315); p = 0.015). Although the total amount 
of time spent on outdoor activity was not recorded, the author postulated that the 
level of physical activity could parallel that of outdoor activity and thus the 
protective effect of physical activity on myopia could be attributed in part to 
outdoor activity. 
The X-PRES assessed 998 secondary school Chinese children aged 13 to 
17 years from Xichang, China(Table 8)[133] After controlling for age, gender, 
parental education, homework, reading and TV watching, outdoor activity was not 
significantly associated with myopia (OR = 1.14; 95% CI (0.69, 1.89)). 
Nevertheless, the authors acknowledged the lack of association between outdoor 
and myopia could be biased by estimating near work and outdoor activities based 
on self-reported questionnaires and by focusing on a single week rather than the 
children’s long term experience. In addition, the interpretation of the findings was 
possibly limited by the school-based design, high refusal (13%) and incomplete 
near-work survey (19%). 
1.5.5 Stature 
 A cross-sectional study of 1449 Singapore Chinese school children aged 7 
to 9 years from the SCORM compared children in the 1st quartile and 4th quartile 
of height for AL and SER (adjusting for age, gender, parental myopia, number of 
books per week, school and weight).(Table 9)[135] The analysis showed that the 
AL was 0.46 mm longer in the taller children. On the other hand, the SER 
refraction was more negative by 0.47 D in the taller children. In multiple linear 
regression models for AL adjusting for same the factors, each cm increase in 
height resulted in a 0.032 mm increase in AL (p<0.001). For each cm in height, 
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there was a decrease in SER by 0.031 D (p = 0.002) whereas the SER increased by 
0.027 D (p = 0.01) with each kg increase in weight. 
 The SMS conducted a population-based cross-sectional analysis on 1765 
six-year-old school children; 64.5% was Caucasians, 17.2% was East Asians and 
18.3% belonged to other races.(Table 9)[136] Children in the 1st quintile for 
height had AL of 22.39 ± 0.04 mm compared with 22.76 ± 0.04 mm in children in 
the 5th quintile. After adjusting for age, gender, parental myopia, weight, BMI, 
body fat percentage and waist circumference, each 10 cm increase in height 
corresponded to a 0.29 mm (95% CI (0.19, 0.39)) increase in AL. However, 
height was not significantly associated with SER refraction.  
 A population-based cross-sectional study, TPS, conducted in Singapore, 
analysed data of 951 Chinese adults aged between 40 and 80 years,(Table 10)[137] 
and demonstrated that a 10 cm greater height was associated with a longer AL of 
0.23 mm (95% CI (0.1, 0.37)), after adjusting for age, gender, education, 
occupation, housing, income and weight. Adjusting for the same factors, for every 
10 kg increase in weight, the SER increased by 0.22 D (95% CI (0.05, 0.39)) and 
every 10 kg/m2 increase in BMI raised the SER by 0.56 D (95% CI (0.14, 0.98)). 
However, height was not significantly associated with SER refraction. 
Studies in other adult populations such as the Beaver Dam Eye Study 
(BDES) and the Reykjavik Eye Study (RES)[138, 139] showed positive 
associations between height and AL while the Singapore Malay Eye Study 
(SiMES) demonstrated that both height and weight were associated with AL.[140]. 
In contrast, the Meiktila Eye Survey (MES) demonstrated an association between 
AL and height, weight and BMI.(Table 10)[141] The MES, however, showed that 
SER refraction was positively associated with weight and BMI. 
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1.5.6 Birth Parameters 
Few studies had elucidated the association of birth parameters and myopia, 
SER refraction and ocular biometry and it is still not clear if birth parameters 
could influence myopia development in children.[142, 143] 
The SMS conducted a population-based stratified random cluster sample 
of 6-year-old school students (n = 1765) of mean age 6.7 years (range = 5.5 to 8.4 
years).(Table 11)[142] and birth parameters were obtained from the children 
hospital personal health record. After adjusting for cluster, age, and gender, 
children with birth weight < 2500 g had a shorter mean AL of 22.46 mm (95% CI 
(22.20, 22.72)) compared with a mean AL of 22.80 mm (CI (22.70, 22.90)) for 
birth weight > 2500 g. The multivariate analysis showed that birth length, but not 
birth weight, was weakly associated with AL (Regression coefficient = 0.02 mm; 
95% CI (0.00, 0.03); p = 0.0472) after controlling for age, gender, birth weight, 
birth length, head circumference, gestational age and parental myopia.  
In Singapore, 1413 Singaporean Chinese children aged 7 to 9 years with 
ocular data was included in an analysis on birth parameters obtained from the 
SCORM.(Table 11)[143] The study showed that children with birth weights ≥ 4.0 
kg had longer AL (adjusted mean 23.65 mm versus 23.16 mm), compared with 
children with birth weights < 2.5 kg, after adjusting for age, gender, school, height, 
parental myopia, and gestational age. Multivariate analysis for AL showed that for 
each kg increase in birth weight, each cm increase in birth head circumference, 
each cm increase in birth length and each week increase in gestational age, the AL 
increase by 0.25 mm (p < 0.001) , 0.05 mm (p = 0.004), 0.02 mm (p = 0.044), and 
0.04 mm (p = 0.028) respectively. However, birth parameters (birth length, weight, 
head circumference and gestational age (ORs between 0.91-1.08)) were not 
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significantly associated with myopia (defined as SER at least -0.5 D) or high 
myopia (SER at least -3.0 D). 
As far as adult population was concerned, only one study conducted by 
Dirani and co-worker (Table 11)[144] had attempted to investigate the association 
between birth parameters and myopia (defined as SER at least -0.5 D) in 1224 
twins residing in Victoria, Australia, and participating in the Genes in Myopia 
(GEM) twin study. However, the multivariate analysis showed no significant 
association between birth weight and myopia (p = 0.26). The finding was difficult 
to interpret as birth weight was self-reported rather than obtained from hospital 
records. 
1.5.7 Parental Smoking History 
Smoking was recently identified as being associated with myopia in three 
studies; two were children studies[145, 146] and one was adult study.[147] Saw et 
al conducted a cross-sectional analysis of 1334 Chinese school children aged 7 to 
9 years from the SCORM(Table 12)[145] In this study, multivariate analysis 
adjusting for age, sex, school, parental smoking status and parent’s education 
demonstrated that for each year of maternal smoking during child’s lifetime, the 
SER rose by 0.15 D (95% CI (0.041, 0.25); p = 0.006). The number of years of 
paternal smoking during the child’s lifetime was not significantly associated with 
myopia (regression coefficient = 0.008; 95% CI (-0.02, 0.036); p = 0.57). After 
controlling for age, sex, school, parental smoking status, and parental education, 
for each year the mother smoke during the child’s lifetime, the AL reduced by 
0.07 mm (95% CI (-0.12, -0.015); p = 0.012). Conversely, paternal smoking 
during the child’s lifetime had no effect on the AL (p = 0.96). After adjusting for 
age, sex, school, mother’s education, and mother’s myopia, children with mother 
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who had ever smoked during their lifetime had a more hyperopic SER (adjusted 
mean -0.28 D vs. -1.38 D) compared with children whose mother did not smoke 
(p = 0.012). 
In an United States study, Stone et al (Table 12)[146] analysed 323 
outpatients aged 1 to 20 years (mean age of 8.7 ± 4.4 years) from a pediatric 
ophthalmology clinic of the Children’s Hospital of Philadelphia. They found that 
if one or both parents ever smoked, their children had a lower prevalence of 
myopia (12.4% vs. 25.4%; p = 0.004) and more hyperopic mean SER (1.83 ± 0.24 
vs. 0.96 ± 0.27 D; p = 0.02) than those whose parents never smoked. If one or 
more parents smoked during pregnancy, their children has a lower prevalence of 
myopia (8.6% vs. 23.9%; p = 0.003) and more hyperopic mean SER (2.19 ± 0.34 
vs. 1.07 ± 0.22 D; p = 0.006) than those whose parents never smoked. 
Multivariate OR for myopia was 0.22 (95% CI (0.07, 0.64); p = 0.008) when 
either parent currently smoked, 0.15 (95% CI (0.04, 0.53); p = 0.003) when one of 
the parents smoked during pregnancy and 0.22 (95% CI (0.08, 0.59); p = 0.003) 
when either parent smoked during their child’s lifetime, after adjusting for child’s 
age, BMI, weighted near work, parental myopia and parental education.  
In a population-based cross-sectional study of 6491 Chinese adults aged 30 
to 99 years from Handan, China, Liang et al(Table 12)[147] found that the 
multivariate OR for myopia was 0.7 (95% CI (0.5, 0.9); p = 0.003) in adults who 
currently smoked compared with those who never smoked after controlling for 
age, history of diabetes, smoking, hours of reading per day, number of family 




In a population-based cross-sectional study of 2639 Chinese preschool 
children aged 6 to 72 months from the STARS, Sham et al (Table 13)[148] 
demonstrated that a history of breastfeeding lowered the SER by 0.12 D (standard 
error = 0.06; p = 0.03) after adjusting for age, gender, history of breastfeeding, 
outdoor activity, mother’s education, mother’s smoking history, parental myopia, 
birth weight, maternal age and child’ height. However, breastfeeding was not 
associated with myopia (defined as SER at least -0.5 D) after controlling for the 
same covariates (OR = 0.85; 95% CI = 0.62-1.18). 
The SCORM investigated 797 school children aged 10 to 12 years and 
reported that the multivariate OR of myopia (defined as SER at least -0.5 D) for 
breastfed children was 0.58 (95% CI (0.39, 0.84)) after adjusting for child’s age, 
sex, race, birth weight, height, number of books read per week, IQ scores, 
mother’s education, parental myopia, maternal age at delivery, household income 
and clustering of siblings within family.(Table 13)[149] Moreover, the mean SER 
of breastfed children (-1.6 D) was significantly less myopic than non-breastfed 
children (-2.1 D; p = 0.01). 
1.6 Conclusion 
1.6.1 Summary of Current Literature 
The RESC, SCORM, SMS, MEPEDS and BPEDS studies showed that the 
prevalence of myopia differed across populations, ethnic groups and age. A higher 
prevalence of myopia is usually observed in the East Asian countries than others. 
Among the ethnic groups, the Chinese populations, generally, are the most 
susceptible to myopia whereas the Caucasian populations have the lowest 
prevalence of myopia. Children who lived in the urban regions have a greater 
prevalence of myopia when compared with those residing in the rural parts of the 
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same country. In each population, the prevalence of myopia increases with age 
which may coincide with the formal schooling. However, most of the studies 
conducted were cross-sectional in nature and may not reveal the temporal 
relationship. The distribution of AL also varies with different populations. The 
Chinese generally has a longer mean AL than the Caucasian at similar age group. 
However, care must be taken in interpreting the findings due to non-standardized 
AL measurement techniques. 
Both genes and environments are known to play important roles in the 
onset and development of myopia. There is consensus that family history of 
myopia is a major risk factor for myopia and ocular biometry and represents a 
surrogate for genetic or shared environmental factors. However, current evidence 
also suggests that environmental factors such as near work and outdoor activity 
are implicated in the development of myopia and longer AL.[13-15, 42, 120, 121] 
Near work is potentially modifiable but given the emphasis on academic 
excellence in Asian cultures, reducing the time spent on near work activity, 
particularly reading, may not be acceptable to the parents and is unlikely to be 
implemented. Other environmental factors for myopia remain controversial. 
Greater height is associated with longer AL but the relationship remains unclear 
with myopia. Similarly, birth weight is positively associated with AL but the 
association with spherical refraction is weak. Some evidence suggests that 
exposure to smoking during pregnancy and childhood may protect against myopia 
in children. Breastfeeding appears to protect against myopia in Singapore children 
but this finding requires validation in other populations and ethnic groups. 
There are presently a number of options for myopia prevention and control. 
They include pharmacological interventions such as atropine eye drops and 
32 
 
pirenzepine (2%) gel, optical treatments such as bifocals, progressive additional 
lenses (PAL), contact lenses, orthokeratology, undercorrection of prescribed 
lenses and part-time lens wear, and commercial products and techniques, such as 
NeuroVision, “EyeRelax”, pinhole glasses and Bates method.[150] Randomised 
controlled trials have been undertaken to assess the efficacies and safety of the 
various myopia therapeutic methods such as atropine eye drops,[151-154] 
pirenzepine (2%) gel,[155, 156] bifocals,[156-159] (PAL) ,[160-163] contact 
lenses,[163-165] undercorrection[166] and atropine treatment still remained the 
most effective in retarding myopia progression in childern.[151] Randomized 
clinical trials of the other interventions such as bifocal lenses, progressive 
additional lenses, and contact lenses have gave disappointing results of borderline 
clinical significance.[150] 
Further studies should be conducted to determine the nature of the association 
of time spent outdoors, and other possible risk factors such as diet in longitudinal 
cohort studies that document the temporal sequence of events. The issue of an 
accurate and precise quantification of “near work activity” remains challenging 
and represents an area of in-depth study. Particularly, near work “parameters” 
such as posture while reading, frequency of close reading, breaks during reading 
and lighting conditions, are modifiable and need to be further evaluated. Portable 
instruments that record activity over a 24 hour period could document lighting 
levels and time spend on close work in an objective manner. Randomized clinical 
trials should be conducted to evaluate the efficacy of time spent outdoors to 
protect for myopia. The relative importance of genetic and environmental factors 
should be examined, and well designed studies will be required to tease out the 
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interactions of genes-environmental mechanisms in the development and 
progression of myopia and axial dimensions throughout life.[167] 
Presently, most of the studies on the risk factors for myopia were conducted 
in children aged more than 6 years. Few studies have examined preschool children 
aged less than 6 years. The SCORM evaluated risk factors for myopia in children 
aged 7-9 years while the SMS examined children aged 6 years and 12 years. 
Therefore, the risk factors for early-onset myopia may intrinsically be expected to 
differ between children aged <6 years and >6 years. Our study aimed to assess the 
roles of family history of myopia, near work, outdoor activity, height, weight, 
BMI, birth parameters, and smoking on the early-onset myopia in Singapore 
Chinese children aged 6-72 months. 
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Table 1. Prevalence of Myopia in Children in Asia 
 
No Author (Year) Location/Study  Study Design N Age (Years) Response 
rate (%) 
Refraction Definition of 
Myopia 
Prevalence (%) 
1 Dirani, Chan 
(2009)[84] 
Singapore Chinese 
children (STARS ) 
Population-based 
cross-sectional 
2369 < 6 72.3 Cycloplegic 
autorefraction  
≤ -0.5D 6 - 11.9 months: 15.8 (10.6 - 22.2) 
12 - 23.9 months: 14.9 (11.7 - 18.5) 
24 - 35.9 months: 20.2 (16.5 - 24.2) 
36 - 47.9 months: 8.6 (6.3 - 11.3) 
48 - 59.9 months: 7.6 (5.5 - 10.1) 
60 - 72 months: 6.4 (4.5 - 8.8) 
Age-adjusted: 11.0 (10.9 - 11.2) 
 











7 years: 29.0 (25.5 - 32.6) 
8 years: 34.7 (30.4 - 39.0) 
9 years: 53.1 (47.9 - 58.4) 








Population-based 5067 5 - 15 91.7 Cycloplegic 
autorefraction 







Population-based 4282 10 - 15 95.1 Cycloplegic 
autorefraction 
≤ -0.5D All: 19.0 (17.8-20.2) 
Age 10 years: 10.9 (7 - 14.7) 
Age 11 years: 13.8 (10.5 - 17.2) 
Age 12 years: 16.5 (13.2 - 19.8) 
Age 13 years: 19.4 (16.7 - 22.1) 
Age 14 years: 23.3 (20 - 26.7) 
Age 15 years: 27.3 (22.6 - 32) 
 
5 Murthy, Gupta 
(2002)[81] 
New Delhi, India 
(RESC) 
Population-based 6447 5 - 15 92.0 Cycloplegic 
retinoscopy 
≤ -0.5D All: 7.4 (5 - 9.7) 
5 years old: 4.68 (2.54 – 6.83) 
6 years old: 5.87 (2.59 – 9.15) 
7 years old: 3.13 (1.17 – 5.08) 
8 years old: 5.67 (2.50 – 8.84) 
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9 years old: 5.33 (2.61 – 8.05) 
10 years old: 6.95 (3.44–10.5)  
11 years old: 9.85 (5.91–13.8) 
12 years old: 9.66 (5.64–13.7) 
13 years old: 10.6 (6.02–15.2) 
14 years old: 10.2 (6.85–13.5)  
15 years old: 10.8 (6.71-14.8) 
 





Population-based 4074 7 - 15 92.3 Cycloplegic 
retinoscopy 
≤ -0.5D All: 4.1 (3.3 - 4.9) 
7 years old: 2.80 (1.28 – 4.33)  
8 years old: 2.83 (1.50 – 4.16)  
9 years old: 3.90 (2.05 – 5.74)  
10 years old: 4.0% (2.09 – 6.03)  
11 years old: 2.73 (1.38 – 4.09)  
12 years old: 4.79 (2.91 – 6.97)  
13 years old: 5.43 (3.25 – 7.60)  
14 years old: 6.74 (3.31 – 10.2) 







Population-based 4634 7 - 15 32.8 Cycloplegic 
autorefraction 
≤ -0.5D All: 20.7 (17.3 - 24.1) 
Age 7 years: 10.0 (6.8 - 13.1) 
Age 8 years: 14.0 (10.3 - 17.6) 
Age 9 years: 16.3 (11.7 – 20.9) 
Age 10 years: 16.2 (11.6 – 20.7) 
Age 11 years: 22.6 (17.0 - 28.2) 
Age 12 years: 24.8 (19.1 - 30.6) 
Age 13 years: 25.3 (19.5 - 31.1) 
Age 14 years: 32.5 (25.5 - 39.6) 
Age 15 years: 32.5 (25.5 - 39.6) 
 





Population-based 5884 5 - 15 95.9 Cycloplegic 
autorefraction 
≤ -0.5D All children: 21.6 
Males:  
a) Age 5 years: 0 




a) Age 5 years: 0 
b) Age 15 years: 55.0 (49.4 - 60.6) 
 




Population-based 4364 5 - 15 86.4 Cycloplegic 
autorefraction 
≤ -0.5D All: 38.1 (36.3 - 39.8) 
5 yeears old: 5.7 (2.3 – 9.0) 
6 years old: 5.9 (2.6 – 9.2) 
7 years old: 7.7 (4.7 – 10.8) 
8 years old: 14.0 (10.4 – 17.6) 
9 years old: 25.9 (22.0 – 29.8) 
10 years old: 30.1 (24.4 – 35.8) 
11 years old: 41.7 (37.3 – 46.1) 
12 years old: 49.7 (44.7 – 54.6) 
13 years old: 57.4 (52.1 – 62.6) 
14 years old: 65.5 (62.4 – 68.5) 
15 years old: 78.4 (74.5 – 82.2) 
 






Population-based 2454 13 - 17 97.6 Cycloplegic 
autorefraction 
≤ -0.5D All: 42.4 (35.8 - 49.0) 
13 years old: 36.8 (29.2 - 44.3)  
14 years old: 38.8 (30.8 - 46.7) 
15 years old: 43.0 (34.5 - 51.4) 
16 years old: 46.8 (37.7 - 55.9) 
17 years old: 53.9 (39.6 - 68.1) 
 
11 Lam, Goh 
(1991)[85] 
Hong Kong Cross-sectional, 
school-based 
383 6 - 17 Not stated Non-
cycloplegic 
autorefraction 
≤ -0.5D All girls: 55.9 
All boys: 57.4 
6 - 7 years old: girls - 27.3; boys - 33.3 
8 - 9 years old: girls - 55.6; boys - 59.4 
10 - 11 years old: girls - 65.4; boys - 57.6 
12 - 13 years old: girls - 58.9; boys - 60 
14 - 15 years old: girls - 52.6; boys - 60 
16 - 17 years old: girls - 52.6; boys - 71.4 
12 Edwards 
(1999)[86] 




123 7 - 12 Not stated Non-
retinoscopy 
≤ -0.5D 7 years old: 11 
8 years old: 19 
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9 years old: 24 
10 years old: 35 
11 years old: 45 
12 years old: 55 
 
13 Fan, Lam 
(2004)[87] 
Hong Kong Cross-sectional 7560 5 - 16  77.9 Cycloplegic 
autorefraction 
≤ -0.5D All children: 36.71 (SD = 2.87) 
Girls: 37.4 
Boys: 36 
< 7 years old: 17 
7 years old: 28.9 
8 years old: 37.5 
9 years old: 43.1 
10 years old: 48.2 
> 11 years old: 53.1 
 
14 Lin, Chen 
(1988)[88] 




Not stated 7 years: 4 
12 years: 29 
15 years: 70 
16 - 18years: 74 
 
15 Lin, Shih 
(1999)[89] 




≤ -0.25D 7 years: 12 
12 years: 56 
15 years: 76 
16 - 18years: 84 
All males: 50 
All females: 58 
 
16 Lin, Shih 
(2001)[90] 




≤ -0.25D 7 years: 20 
12 years: 61 
15years: 81 
16 - 18years: 84 
 
17 Lin, Shih 
(2004)[2] 
Taiwan (1983, 









≤ -0.25D Study conducetd in 1983: 
7 years old: 5.8 
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and 2000) survey and 
retinoscopy 
12 years old: 36.7 
17 years old: 74.3 
Study conducted in 1990: 
7 years old: 5.3 
12 years old: 39.1 




Table 2. Prevalence of Myopia in Children in Non-Asian Countries 
 





















< 6 Not stated Cycloplegic 
autorefraction 
≤ -1.0D African-American: 9.6 
6 - 11 months: 7.5 
12 - 23 months: 10.5 
24 - 35 months: 5.9  
36 - 47 months: 6.2 
48 - 59 months: 6.6 
60 - 72 months: 7.4 
Whites: 1.1 
6 - 11 months: 0 
12 - 23 months: 2.3 
24 - 35 months: 1.1 
36 - 47 months: 0 
48 - 59 months: 1.5 














< 6 Not stated Cycloplegic 
autorefraction 
≤ -1.0D African-American: 6.6 
6 - 11 months: 13.7 
12 - 23 mths: 9.1 
24 - 35 mths: 6.4  
36 - 47 mths: 5.5 
48 - 59 mths: 4.2 
60 - 72 mths: 4.1 
Hispanics: 3.7 
6 - 11 mths: 6.4 
12 - 23 mths: 7.2 
24 - 35 mths: 4.0 
36 - 47 mths: 1.5 
48 - 59 mths: 1.8 











4890 5 - 15 87.3 Cycloplegic 
autorefraction 
≤ -0.5D All: 4.0 (3.3 – 4.8) 
Age 5 years: 3.2 (0.6 – 5.7) 
Age 6 years: 4.6 (2.4 – 6.7) 
Age 7 years: 2.5 (0.8 – 4.2) 
Age 8 years: 2.9 (1.2 – 4.6) 
Age 9 years: 3.1 (1.4 – 4.8) 
Age 10 years: 1.9 (0.6 – 3.2) 
Age 11 years: 4.4 (2.8 – 6.1) 
Age 12 years: 4.4 (2.2 – 6.6) 
Age 13 years: 3.4 (1.7 – 5.2) 
Age 14 years: 6.3 (3.6 – 8.9) 









5303 5 - 15 75.8 Cycloplegic 
autorefraction 
≤ -0.5D All children: 7.3 
Males:  
a) Age 5 years: 3.4 (1.87 - 5.00) 
b) Age 15 years: 19.4 (13.6 - 25.2) 
Females:  
a) Age 5 years: 3.4 (1.72 - 5.05) 
b) Age 15 years: 14.7 (10.1 - 19.2) 
 











≤ -0.5D All: 1.43 (0.94 – 2.18) 
Boys: 1.24 (0.66 – 2.34) 
Girls: 1.62 (1.07 – 2.45) 
White: 0.79 (0.47 – 1.35) 













≤ -0.75D 6 years old: 2 
12 years old: 20 






2353 12  Not stated Cycloplegic 
autorefraction 










2441 11 - 14 86.4 Cycloplegic 
autorefraction 
≤ -0.5D Age 11 years: 5.4 (3.72 - 7.08) 
Age 12 years: 4.52 (2.53 - 6.65) 
Age 13 years: 5.83 (4.57 - 7.08) 





Table 3. Prevalence of Myopia in Singaporean Adults 
 
No. Author (year) Study year Study Design Population (N) Age (Years) Refraction Myopia Definition Prevalence (%) 
1 Tay (1992)[98] 1974–1984 Male conscripts  320409 17 - 19 Visual acuity < 6/18 26.3 
2 Tay (1992)[98] 1987–1991 Male conscripts 100707 17 - 19 Visual acuity < 6/18 43.3 
3 Au Eong (1993)[99] 1987–1992 Male conscripts (Chinese) 88315 17 - 19 Visual acuity < 6/18 48.5 
4 Wu (2001)[4] 1996–1997 Male conscripts (Chinese) 12370 17 - 19 Non-cycloplegic autorefraction SER ≤ -0.5 D 82.2 
5 Au Eong (1993)[99] 1987–1992 Male conscripts (Indian) 8138 17 - 19 Visual acuity < 6/18 30.4 
6 Wu (2001)[4] 1996–1997 Male conscripts (Indian) 651 17 - 19 Non-cycloplegic autorefraction SER ≤ -0.5 D 68.7 
7 Au Eong (1993)[99] 1987–1992 Male conscripts (Malay) 12854 17 - 19 Visual acuity < 6/18 24.5 
8 Wu (2001)[4] 1996–1997 Male conscripts (Malay) 1935 17 - 19 Non-cycloplegic autorefraction SER ≤ -0.5 D 65.0 
9 Quek (2004)[100] 2002 School-based 946 15 - 19  
Non-cycloplegic 
autorefraction SER ≤ -0.5 D 73.9 
10 Wong (2000)[101] 1997-1998 
Populatoin-based, cross-
section based (Chinese) 1232 40 - 79 Subjective refraction SER ≤ -0.5 D 38.7 
11 Saw (2008)[102] 2006-2007 Populatoin-based, cross-section based (Malay) 2974 40 - 79 Subjective refraction SER ≤ -0.5 D 26.2 
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Table 4. Family History/Parental Myopia as Risk Factor for Myopia in Children in Asia 






Results (Odds ratio/p-values) 





Cross-sectional 1453 7 - 9  Yes SER ≤ -0.5 D 
 
1. Multivariate linear regression models for AL: 
a) 1 myopic parent: Reg. coeff. = 0.14 
(0.0034 - 0.25), p<0.009 
b) 2 myopic parents: Reg. coeff. = 0.32 (0.02 
- 0.03), p<0.001 
2. Multivariate linear regression models for SER: 
a) 1 myopic parent: Reg. coeff. =  -0.39 (-
0.59 - -0.18),; p<0.001 
b) 2 myopic parents: Reg. coeff. = -0.74 (-
0.97 - -0.51), p<0.001 
 
2 Lam, Fan 
(2008)[118] 
Hong Kong School-based,  
cross-sectional 
7560 5 - 16 Yes SER ≤ -0.5 D 
 
1. Number of myopic parents associated with SER 
(p<0.001), vitreous chamber depth (p = 0.010) and AL 
(p<0.001) in all children  
2. Myopic parents associated with SER (p = 0.007) in 
non-myopic children. 
 
3 Fan, Lam 
(2005)[119] 
Hong Kong School-based, 
cross-sectional 
514 2.3 - 
6.4  
Yes Not stated Parental history of myopia and more time spent on near 
work were not associated with more myopic refractive 
error and longer AL. 
4 Wu, Edwards 
(1999)[106] 
Hong Kong, and 
Tianjin and Ban 
Chau, China 
Cross-sectional 3131 7 - 17  No SER ≤ -1.0 D  1. Odds ratio of children being given the refractive 
status of their parents for 3rd generation: 
a) Neither parents myopic: OR = 1 
b) 1 parent myopic: OR = 1.57 (1.31 - 1.89) 
c) At least parent myopic = 1.85 (1.57 - 2.19) 
d) Both parents myopic = 2.96 (2.26 - 3.87) 
2. Odds ratio of children being given the refractive 




a) Neither parents myopic: OR = 1 
b) 1 parent myopic: OR = 5.52 (4.49 - 6.78) 
c) At least 1 parent myopic = 6.71 (5.58 - 8.06) 
d) Both parents myopic = 12.85 (8.77 - 18.81) 
 
5 Yap, Wu, Liu 
(1993)[40] 









Hong Kong Longitudinal 
study 




1. No significant difference in median SER (kruskal-
Wallis 1-way ANOVA: χ2 = 1.619, p = 0.445) and AL 
(ANOVA: F = 0.395, df = 80, p = 0.675) of the children 
for the 3 parental groups (no parents myopic, 1 parent 
myopic and both parents myopic). 
2.  No significant difference in median SER (Mann-
Whitney U-test: Z = 1.259, p = 0.208 and AL (unpaired 
t-test: t = 0.89, df = 79, p = 0.374) of the children for 
the 2 parental groups (no parents myopic and at least 1 
parent myopic). 
3. No statistical significant association between subject 
refractive status and that of their parents at any age for 3 




Table 5. Family History/Parental Myopia as Risk Factor for Myopia in Children in Non-Asian Countries 
No Author 
(Year)  




Results (Odds ratio/p-values) 








2353 11.1 - 12.7 Yes SER ≤ -0.5 D 
 
Multivariate analysis for myopia adjusted for age, 
gender, near work, outdoor activity and ethnicity 
(for all children) compared with children with no 
myopic parents: i) 1 myopic parent: OR = 2.3 (1.8 - 
2.9) 







Cross-sectional 716 6 - 14 Yes SER ≤ -0.75 D 
 
Premyopic eyes in children with myopic parents 










514 8 - 13 Yes SER ≤ -0.75 D 1. Multivariate logistic model for myopia:  
a) 1 myopic parent: OR = 2.08 (1.07 - 4.05), p 
= 0.03 








Cross-sectional  366 13.7 ± 0.5  Yes SER ≤ -0.75 D 1. Multivariate OR adjusted for parental myopia, 
diopter-hrs/wk, sports and achievement scores:  
a) 1 myopic parent: OR=3.32 (1.18 - 9.37, P = 
0.023) 
b) 2 myopic parents: OR=6.40 (2.17 - 18.87), p = 
0.0008) 
2. Children with myopia were more likely to have 






Cross –sectional 716 6 - 14.9  Yes SER ≤ -0.75D  1. Adjusting for diopter-hours and child’s age: 




b) OR for two myopic parents: 5.12 (2.37 - 11.10) 
2. No interaction or confounding between parental 





New England, USA Cross-sectional  609 < 1 No Not stated Odds ratio of myopia:  
a)1 myopic parent: 0.71 (0.25 - 2.04; χ2 = 0.12; p = 
0.73) 
b) 2 myopic parents: 5.09 (1.69 - 15.49; χ2 = 7.4; p = 
0.007) 
 
7 Hui, Peck 
(1995)[116] 
New York, USA Longitudinal 
study  
237 2 - 16  No Not stated  1. No significant correlation between children’s 
photorefractive data and familial refractions. 
2. Significant correlations between all measures of 






Great Falls, USA 
Cross-sectional  289 Not stated Not stated Not stated Children’s refractive status and parents’ refractive 




Table 6. Near work as Risk factor For Myopia in Children in Asia 
 




Results (Odds ratio/p-values) 







1005 7 - 9  Yes SER ≤ -0.5 D 
 
1. Multivariate models adjusted for age, gender, race, 
night light, parental myopia and school in higher 
myopes (SER ≤-3D): 
a) Reading > 2 books/week: OR = 3.05 (1.80 - 5.18) 
b) Read more than 2hrs/day: OR = 1.50 (0.87 - 2.55) 
c) Diopter-hours > 8: OR = 1.04 (0.61 - 1.78) 
2. Mutivariate linear regression models adjusted for 
age, gender, race, parental history of myopia, night 
light and school for AL:  
a) Books read per week: Reg. Coeff. = 0.04 mm 
 
2 Lu, Congdon 
(2009)[127] 
 
Xichang, China School-based, 
cross-sectional 
998 13 - 17 Yes SER < -0.5 D  1. Multiple logistic regression models for myopia 
adjusting for age, sex and parental education:  
a) homework: OR = 1.11 (0.60 - 2.05); p = 0.74 
b) reading: OR = 1.27 (0.75 - 2.143); p = 0.38 
c) watching TV: OR = 1.41(0.82 - 2.41); p =0.21 
2. Linear regression models for SER: no association 
between SER and near work. 
 






Cross-sectional 1453 7 - 9  Yes SER ≤ -0.5 D 
 
1. Multivariate linear regression models for AL 
adjusting for age, gender, books per week, school, 
height and parental myopia: 
a) reading > 2 books/week (Reg. coeff. = 0.17, 95% CI 
= 0.07 - 0.26; p = 0.001) 
2. Multivariate linear regression models for SER 
adjusting for age, gender, books per week, school, 
height and parental myopia: 
a) reading > 2 books/week (Reg. coeff. = -0.30, 95% 




4 Saw (2001), 
Chan[123] 
Preschool children in 




128 3 - 7  Yes SER ≤ -0.50 D Multivariate analysis for myopia adjusting for parental 
history of myopia and age: 





India Case control 
study 
200 10 - 21 Yes Not stated Correlation between myopia and near work, head 
posture and income levels. 
 
6 Tan, Ng 
(2000)[126] 
Preschool children in 
two kindergartens 
from Singapore 
Cross-sectional 414 4 - 6  No SER ≤ -1.5 D  Univariate analysis of myopia: 
a) > 3 hours/week of near work classes outside vs. < 




Table 7. Near work as Risk Factor For Myopia in Children in Non-Asian Countries 






Results (Odds ratio/p-values) 







2339 11.1-14.4  Yes SER ≤ -0.5 D 1. Longer time spent on reading for pleasure and close 
reading distance (<30cm) associated with more myopic 
SER after adjustment for age, sex, ethnicity and school 
type (p trend =  0.02 and p = 0.0003 respectively) 
2. Multivariate logistic models for myopia adjusting for 
age, sex, ethnicity, school type, parental myopia and 
outdoor activity: 
a) Continuous reading > 30 min: OR = 1.5 (1.05 - 2.1), 
p = 0.02 
b) Close reading distance < 30 cm, OR = 2.5 (1.7 - 
4.0), p<0.001 
 





Cross-sectional 366 13.7 ± 0.5  Yes SER ≤ -0.75 D 1. Multivariate OR for myopia adjusted for parental 
myopia, diopter-hours/week, sports and achievement 
scores:  
a) Diopter-hours/week: OR = 1.020 (1.008 - 1.032; p = 
0.0013 







Cross-sectional 716 6 - 14.9 Yes SER ≤ -0.75 D 1. OR for myopia adjusting for parental history of 
myopia and child’s age: 








114 13 Yes SER ≤ -0.5D 
or SER ≤ -1.0 
D 
1. When myopia defined as SER ≤ -0.5D, 48.8% and 
18.9% became myopic in students and skilled labourers 
respectively. 




21.3% became myopic in students and skilled labourers 
respectively. 
3. Students had significantly AL elongation (difference 
in AL between 1st and last readings, p = 0.0001) but not 









6871 7  - 10  No SER ≤ -1.5 D  1. Multivariate logistic regression model for incident 
myopia (between age 7 to 10 years) adjusting for sex, 
mother’s partner’s education, parental myopia and 
ethnicity: 
a) Parental report of ‘Likes reading’, likes a lot vs. does 
not like: OR = 4.05 (1.27 - 12.89) 
 









957 5 - 99 No Not stated 1. Association of refraction with near work observed in 




Table 8. Outdoor as Risk Factor of Myopia in Children 






Results (Odds ratio/p-values) 







2367 11.1 - 14.4 Yes SER ≤ -0.5 D 1. Year 7 sample: Low near work and high outdoor; 
OR=1; High near work and low outdoor; OR= 2.6, CI 
(1.2-6.0), p=0.02. 
3. Higher levels of outdoor activity associated with 
hyperopic refraction and lower myopia prevalence in 12 
years old children. 
 
2 Dirani, Tong 
(2009)[15] 
Singapore  Cross-sectional 1249 11 - 20 Yes SER ≤ -0.5 D 1) Multivariate logistic regression models for myopia 
adjusted for age, gender, ethnicity, school, books 
read/week, height, parental myopia, father’s education 
and IQ level: 
a) Outdoor activity for all children: OR = 0.90 (0.84 - 
0.96), p = 0.004 
b) Outdoor activity for Chinese children: OR = 0.89 
(0.81 - 0.97), p = 0.02 
2) Higher level of outdoor activity associated with  
a) Lesser myopic refraction (reg. coeff. = 0.17 (0.10 - 
0.25), p<0.001) 
b) Shorter axial length (reg. coeff. = -0.06 (-0.1 - -0.03), 
p = 0.0002) 
 








514 8 - 13 Yes SER ≤ -0.75D 1. Multivariate logistic model for myopia adjusting for 
parental myopia and sports/outdoor: 
i) Sports/Outdoor activity: OR = 0.91 (0.87 - 0.95), 
p<0.0001 
2. Statistically significant interaction between number 






4 Lu, Congdon 
(2009)[127] 
Xichang, China School-based 
cross-sectional 
998 13 - 17 Yes SER < -0.5 D 1. Multiple logistic regression models for myopia 
adjusting for age, sex and parental education:  












143 23 Yes SER ≤ -0.5 D 1. Multiple regression on refractive change adjusting for 
covariates: 
a) Studying (hours/day): reg. coeff. = -0.063 (-0.117 - 
0.008), p = 0.024 
b) Physical activity (hours/day): reg. coeff.. = 
0.175(0.035 - 0.315), p = 0.015 
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Table 9. Stature and Anthropometric Parameters as Risk Factor for Myopia in Children 






Results (Odds ratio/p-values) 





Cross-sectional 1449 7 - 9  Yes SER ≤ -0.5 D 1. Comparing height in 1st quartile and 4th quartile:  
a) AL: 0.46mm longer  
b) SER: 0.47D more negative 
2. Multiple linear regression models for AL: 
a) Height (cm): Reg. coeff. = 0.032; p<0.001 
3. Multiple linear regression models for SER: 
a) Height (cm): Reg. coeff .= -0.031; p = 0.002 













Yes Not stated 1. Multivariate linear regression models for AL: 
a) Height (per 10cm): Reg coeff. = 0.29mm (0.19 – 
0.39); p<0.0001 
2. Height was not associated with SER 
 




Cross-sectional 1453 7 - 9  Yes SER ≤ -0.5 D 
 
 1. Multivariate linear regression models for AL: 
a) Height (Reg. coeff. = 0.03 (0.02 - 0.03), p<0.001) 
2. Multivariate linear regression models for SER: 





Table 10. Stature and Anthropometric Parameters as Risk Factor for Myopia in Adults 




Results (Odds ratio/p-values) 
1 Dirani, Islam 
(2008)[138] 
Victoria, Australia 
(GEM Twin Study) 
Cross-
sectional 
1224 18 - 86  Yes SER ≤ -0.5 D 1. Multivariate logistic regression models for myopia: 
a) Weight, 4th quartile (>80kg) vs. 1st quartile (<61kg): 
OR = 1.48 (1 - 2.2), p = 0.01 
2. Weight was associated with myopia (p = 0.01) in 
females but not in male (p = 0.86) 
 
2 Lim, Saw 
(2009)[186] 





2788 40 - 80  No SER ≤ -0.5 D 
 
1. Multivariate linear regression models for AL:  
a) Height (cm): Reg. coeff. = 0.162, p<0.001 
b) Weight (kg): Reg. coeff. = 0.078, p<0.001 
 







1968 58 - 100 No Not stated GEE linear regression models for AL adjusting for age, 
sex, height and education: 
a) Height (per 10cm): Reg. coeff. 0.20 (0.14 - 0.26); 
p<0.001 
 
4 Wong, Foster 
(2001)[131] 





951 4 0 -81 No Not stated 1. Multivariate linear regression models for AL  
a) Height (per 10cm): Reg. coeff. = 0.23 (0.10 - 0.37); p 
= 0.001 
2. Multivariate linear regression models for SER: 
a) Weight (per 10kg): Reg. coeff. = 0.22 (0.05 - 0.39); p 
= 0.01 
b) BMI (per 10kg/m2): Reg. coeff. = 0.56 (0.14  -0.98); 
p = 0.01 
 







2418 ≥40 yrs old No Not stated 1. Multivariate linear regression models for AL: 
a) Height: Reg. coeff. = 0.20 (0.016 - 0.029), p<0.001 
b) Weight: Reg. coeff. = 0.18 (0.012 - 0.021), p<0.001 




2. Multivariate linear regression models for SER: 
a) Weight: Reg. coeff. = 0.15 (0.032 - 0.066), p<0.001 








846 55 - 100 Yes Not stated 1. Multivariate linear regression models for AL 
adjusting for age, sex, weight and height: 
a) Height: Reg. coeff. = 0.020 (0.006 - 0.034), p<0.01 
 






106926 17 - 19  Yes SER: -0.25D - 
-3 D 
1. Myopia associated with neither higher stature nor 
greater weight. 
2. Mean BMI smaller among myopes (21.1 ± 3.1kg/m2) 




Table 11. Birth Parameters as Risk Factor for Myopia in Children 
 




Outcome Results (Odds ratio/p-values) 






1765 6 Yes Not stated 
 
1. Adjusting for familial cluster, age and 
gender, 
a) Birth weight < 2500g: mean AL = 22.46 mm (22 - 
22.72) 
b) Birth weight > 4000g: mean AL = 22.80 mm; (22.7 - 
22.9) 
2. Linear regression models adjusting for age, gender and 
other birth parameters: 
b) Birth length weakly associated with AL (reg. coeff. = 
0.02 (0 - 0.03), p = 0.0472) 
  








1413 7 - 9 Yes SER ≤ -0.5 D 1. Birth weight, birth length, head circumference and 
gestational age not associated with myopia or high 
myopia (SER ≤ -3.0 D). 
2. Multivariate linear regression models for AL: 
a) Birth weight (kg): Reg. coeff. = 0.25, p<0.001 
b) Head circumference (cm): Reg. coeff. = 0.05, p = 0.004 
c) Birth length (cm): Reg. coeff. = 0.02, p = 0.044 
d) Gestational age (weeks): Reg. coeff. = 0.04,  p = 0.028 
 
4 Dirani, Islam 
(2009)[138] 
Victoria, Australia 
(GEM Twin Study) 
Cross-
sectional 
1224 18 - 86 Yes SER ≤ -0.5 D 1. Logistic regression showed no significant association 
with birth weight and myopia for all twins (p = 0.26). 




Table 12. Parental Smoking as Risk Factor For Myopia 






Results (Odds ratio/p-values) 








1334 7 - 9 Yes SER ≤ -0.5 D 1. Multivariate regression model for SER: 
a) Years mother smoked during child’s life time: Reg. 
coeff. = 0.15 (0.041 - 0.25), p = 0.006 
b) Years father smoked during child’s life time: Reg. 
coeff. = 0.008 (-0.020 - 0.036), p = 0.57 
2. Multivariate regression model for AL: 
a) Years mother smoked during child’s life time: Reg. 
coeff. = -0.07 (-0.12 - -0.015), p = 0.012 
b) Years father smoked during child’s life time: Reg. 
coeff. = 0.0003 (-0.014 - 0.014), p = 0.96 
 




323 1 - 20 Yes SER ≤ -0.5 D 1. If one or both parents ever smoked, their children had a 
lower myopia prevalence (12.4% vs. 25.4%; P =0.004) 
and more hyperopic mean refractions (1.83 ± -0.24 vs. 
0.96 ± 0.27 D; p = 0.02) than those whose parents never 
smoked. 
2. If one or both parents smoked during pregnancy, their 
children had a lower myopia prevalence (8.6% vs. 23.9%; 
P =0.003) and more hyperopic mean refractions (2.19 ± 
0.34 vs. 1.07 ± 0.22 D; p = 0.006) than those whose 
parents never smoked. 
3. Multivariate logistic regression for myopia: 
a) Current smoker vs. never: OR=0.22 (0.07 - 0.64), p = 
0.008 
b) Yes to smoking during child’s life vs. no: OR = 0.22 
(0.08 - 0.59), p = 0.003 
c) Yes to smoking during pregnancy vs. no: OR = 0.15 





d) Smoking in the home, yes vs. no (for nonsmokers): 
OR=0.23 (0.06 - 0.79), p = 0.03 
 
3 Liang, Wong 
(2009)[141] 





6491 30 - 99 No SER ≤ -0.5 D 1. Multivariate logistic models for myopia at age <50 
years: 





Table 13. Breastfeeding as Risk Factor For Myopia 






Results (Odds ratio/p-values) 








2639 < 6 Yes SER ≤ -0.5 D 1. Multivariable linear regression for SER: 
a) Breastfed, yes vs. no: Reg. coeff. = 0.12, SER = 0.06, 
p = 0.03 
2. Breastfeeding was not associated with myopia 
(adjusted OR = 0.85 (0.62 - 1.18)) 
 






797 10 - 12  Yes SER ≤ -0.5 D Multiple logistic regression models for myopia:  






2.1 Primary Aims 
The overall aim is to investigate the risks factors for myopia and ocular 
biometry in Singapore Chinese preschool children aged 6 to 72 months. 
2.2 Secondary Aims 
1. To assess the association of classical risk factors (family history of myopia, 
near work, outdoor activity, and stature - height, weight and BMI) on myopia and 
ocular biometry in Singaporean Chinese preschool children aged 6 to 72 months. 
2. To assess the association of birth parameters (birth weight, birth length, birth 
head circumference and gestation age) with myopia and ocular biometry in 
Singapore Chinese preschool children aged 6 to 72 months. 
3. To assess the association of parental factors (parental education and parental 
history of smoking) on myopia and ocular biometry in Singapore Chinese 






3.1 Study Design 
The STrabismus, Amblyopia and Refractive Error Study in Singaporean 
preschool children (STARS) is a cross-sectional population-based survey to 
determine the prevalence of and risk factors for refractive errors, strabismus and 
amblyopia, in a representative sample of 3009 Singaporean Chinese children aged 
6 to 72 months living in the HDB apartments in the South-Western and Western 
part of Singapore.  
3.2 Study Population 
3.2.1 Sampling Frame 
The Sampling frame, which consists of a list of household addresses of 
children aged less than 6 years living in the government subsidized Housing 
Development Board (HDB) apartments in the south-western (Bukit Batok, 
Clementi and Queenstown) and western (Jurong East and Jurong West) region of 
Singapore, was obtained from the Ministry of Home Affairs.(Figure 5) The HDB 
town strata in the South and South-Western part of Singapore were selected 
because they were newly developed and encompassed a large relatively young 
residential area. The population-based Singapore Malay Eye Study (SiMES) also 
utilized the same study area for recruitment of Malay subjects aged 40 to 80 years. 
Moreover, residents in the study area had close access to the Singapore National 




Figure 5. Study Areas of the STARS Study 
 
3.2.1.1 Sampling Procedures 
 
Because young children tend to cluster in households, cluster sampling 
was applied with the households as the sampling unit. In order to obtain a sample 
of 3000 (assuming 75% participation rate) Chinese children, it was estimated 4400 
children will need to be screened (assuming 10% ineligibility rate). Since children 
were clustered in households (assuming 1.5 children per household), 2933 
households were estimated to screen for 4400 Chinese children. The door-to-door 
census was performed by the recruitment officers to determine the occupied and 
unoccupied dwelling units in each street.  
Disproportionate age-stratified random sampling of the children aged 6 
years or less was performed by 6-month age groups (6-11.9 months. 12-17.9 
months, 18-23.9 months, 24-29.9 months, 30-35.9 months, 36-41.9 months, 42-
47.9 months, 48-53.9 months, 54-59.9 months, 60-65.9 months and 66-72 months) 
to sample identical numbers of children within each age strata and compute the 
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age-specific prevalence rates. From the sampling frame, a total of 5648 children 


































Figure 6. Sampling Frame and Response Rate 
3.2.1.2 Sample Size Considerations 
The choice of a sample size of 3000 children was based on two 
considerations. The primary consideration was to obtain precise age-specific 
estimates of the prevalence of refractive error, strabismus and amblyopia. The 
secondary consideration was to have an adequate sample size to detect the 
relationship between the risk factors and refractive error, strabismus and 
amblyopia. Few population-based data on refractive error, strabismus and 
amblyopia exists to provide for the prevalence estimates for sample size 
calculations. Available data showed that the point prevalence estimates for 
amblyopia, anisometropia and strabismus vary from 1.2% to 12.3% while the 
prevalence of other refractive errors is higher. The US National Center for Health 
Statistic uses the standard error of no greater than 30% of the point estimate. The 
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number of children needed to estimate prevalence with 95% confidence intervals 
and width of 30% are: 
95% CI Prevalence (%) 
Width 1.0 1.5 2.0 2.5 3.0 3.5 
30% 4226 2803 2092 1665 1380 1177 
 
Based on these calculations, 3000 Chinese children will be sufficient to estimate 
prevalence rates of 1.2% or greater for Refractive error, strabismus and amblyopia 
with the 95% CI within the 30% of the point estimate. 
3.2.1.3 Risk Factors Assessment 
 Table 14 shows the detectable relative risks in an analysis relating risk 
factors for different eye conditions using the significant level of 0.05 and power of 
0.8. The table shows detectable relative risks for varying sample sizes for the 
number of cases (ranging from 50 to 800) and varying prevalence rates associated 
with risk factors in the control group (ranging from 0.1 to 0.9). The ‘control’ 
group is the full cohort excluding the cases. For most risk factors with population 
prevalence at least 20% such as myopia in Singapore children aged 7 to 9 years 
from the SCORM, the smallest detectable odds ratios will be lower, with a power 
of 80%, depending on the frequency of the condition under study. The sample size 
of 3000 children was sufficient to detect small relative risks that show the 
associations between the various risk factors and ocular diseases such as myopia. 
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Table 14. Detectable odds ratios for different numbers of cases of a particular condition and 
prevalence of a particular risk factor using the remaining cohort as controls. 
 
Number of cases with disease Prevalence 
of risk 
factor 
50 75 100 200 300 400 500 600 700 800 
0.1 2.93 2.47 2.23 1.81 1.65 1.55 1.49 1.45 1.42 1.39 
0.2 2.45 2.10 1.92 1.60 1.48 1.41 1.37 1.33 1.31 1.29 
0.3 2.31 1.99 1.82 1.53 1.42 1.36 1.32 1.29 1.27 1.25 
0.4 2.30 1.96 1.79 1.51 1.40 1.34 1.30 1.28 1.26 1.24 
0.5 2.38 2.00 1.81 1.52 1.40 1.34 1.30 1.28 1.25 1.24 
0.6 2.58 2.11 1.89 1.55 1.43 1.36 1.32 1.29 1.27 1.25 
0.7 3.06 2.36 2.06 1.63 1.48 1.40 1.35 1.32 1.29 1.27 
0.8 4.56 3.02 2.48 1.81 1.60 1.50 1.43 1.39 1.35 1.33 




3.3.2.1 Inclusion Criteria 
 
Chinese children aged 6 to 72 months at the point of the screening 
interview were eligible for the STARS study. Out of the 5648 children randomly 
selected from the sampling frame, 4164 children (73.7%) were assessed to be 
eligible for the study.(Figure 6) 
3.3.2.2 Exclusion Criteria 
 
Children, who were non-Chinese, aged less than 6 months (underage) or 
more than 72 months (overage) at the point of the screening interview, diagnosed 
with chronic medical or mental conditions, not living at the household address for 
the past 6 months and moved from the resident address were not eligible for the 
STARS. 1484 children (26.3%) were evaluated to be ineligible for the 
study.(Figure 6) Among the ineligible children, 37 (2.5%) were non-Chinese, 612 
(41.2%) were underage or overage, 384 (25.8%) had moved from the residential 
address, 152 (10.3%) were due to data error and 299 (20.2%) were due to other 
reasons. 
3.2.3 Study Approval 
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This study was approved by the Institutional Review Boards (IRB) of the 
Singapore Eye Research Institute (SERI) and the National Healthcare Group 
(NHG). The STARS complied with the tenets of the Declaration of Helsinki. 
3.2.4 Recruitment 
 
Recruitment took place from May 2006 to September 2008. Prior to the 
census, the recruitment officers performed letterbox drops of STARS invitation 
letters and brochures. The invitation letter included a summary of the myopia 
problem affecting the Singapore young children, the STARS aims and objectives, 
study procedures and clinic examinations outlines, an appeal for participation and 
contact numbers for enquires. The brochures included information about the study, 
name of project manager/research assistant and contact numbers for respondents 
to call to clarify and verify the study legitimacy.  
Recruitment officers conducted a door-to-door census to identify every 
dwelling unit at every address in the designated study areas. The recruitment 
officer contacted each household to ascertain the number of eligible children 
living there. Each eligible household was administered with a screening interview 
(Appendix A) which involved introducing the STARS, addressing respondents 
concerns and obtaining basic information about every eligible children and his or 
her primary caregiver who lived in the households. Basic information included the 
name, gender, birth certificate (BC) number and date of birth of every eligible 
child, name and ethnicity of the child’s father and mother, and the household 
contact details. 
Dwelling units with eligible children aged 6 to 72 months were invited to 
participate in the STARS. Recruitment officer explained in detail the nature of the 
study which included the study aims, procedures, responsibilities, possible risks, 
 67
side effects and benefits from participating in the study, cash incentives, voluntary 
participation, compensation for injury and confidentiality of the study and medical 
records, in either English or Chinese at the subject’s place of dwelling. 
3.2.4.1 Consent Process 
After completing the initial household listing process, the recruitment 
officer obtained written informed consent from a parent or guardian of each 
eligible child. The consent form explained the rights of study subjects and was 
reviewed with each participant’s parent or legal guardian. After the participant’s 
parent or guardian understood the form completely, he or she was asked to sign 
one copy of the consent form for each eligible child and an additional copy in the 
presence of a witness. The additional copy was retained by the parent or guardian.  
3.2.5 Response Rate 
 
Out of the 4164 eligible Chinese children, 3009 children (response rate = 
72.3%) participated in the STARS, 1119 children (26.9%) refused participation, 
and 36 children (0.8%) were non-contactable.(Figure 6) 
To increase the response rate, letterbox drops of information leaflets and 
STARS posters were displayed at the community centre, health fairs, hospitals, 
polyclinics and other public areas. In addition, study brochures were distributed to 
community centre, health fairs, hospitals, polyclinics and preschool centers within 
the study areas.(Figure 6) Apart from that, the children who were living in the 
households that were initially non-contactable were contacted up to 8 attempts by 
repeat telephone and/or home visits. In addition, recruitment officers varied the 
visit timing in order to increase the probability of face to face contact with the 
non-contactable households; otherwise, the STARS information leaflets were left 
on the doors for non-contactable individuals to call the recruitment officers. 
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3.3 Clinic Visit 
 
Eye examinations and interviews were conducted between May 2006 and 
November 2008 at either one of the two examination sites: SNEC or JMC. 
Trained eye professionals including ophthalmologists, optometrists and orthoptists, 
conducted the eye examinations. The interviews were performed by trained 
interviewers. The STARS methodology followed closely to that of Multi-Ethnic 
Pediatrics Eye Disease Study (MEPEDS)[168] and Baltimore Pediatrics Eye 
Diseases Survey (BPEDS)[169]. 
The parents or guardians or primary caregiver brought their child to the 
examination site on the scheduled date and time. At the registration counter, the 
participant’s name, date of birth, address and informed consent were verified by 
the registration clerk. The participant attended the clinical examination in this 
order: eye examinations, administration of eye drops, and measurement of height 
or length, weight, clinical interview and administration of questionnaires on 
demographics, biologics and behavioral risk factors for myopia, measurement of 
AL, cycloplegic auto-refraction and streak retinoscopy. The clinical examination 
took about 2 hours to complete. The eye examinations were performed by trained 
ophthalmologists, optometrists and orthoptists (one ophthalmologist, two 
optometrists and one orthoptist) and the clinical data was recorded in the 
examination forms (Appendix B). 
3.3.1 Refractive Error Measurements 
3.3.1.1 Cycloplegia 
 
Cycloplegic eye drops were administered to paralyse excessive 
accommodation and to prevent “pseudomyopia”. Instillation of eye drops on both 
eyes was performed in a room distinct from the examination room. Before 
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performing the instillation, infant and toddlers were held firmly in the parent’s lap 
while older children were seated in an examination chair. After the instillation of 1 
drop of 0.5% proparacaine hydrochloride on both eyes, cycloplegia was induced 
by topical instillation of 1 drop of 1% cyclopentolate (0.5% for children below 12 
months old) and 1 drop of 2.5% phenylephrine. 2 additional drops of 
cyclopentolate of the appropriate concentration were given 5 minutes apart. The 
drug and concentration of each drop instilled for each eye was indicated and the 
time of last drop was recorded. Refraction was performed after a minimum of 30 
minutes. 
3.3.1.2 Cycloplegic Autorefraction 
 
Cycloplegic objective refractions for both eyes were determined by either 
of two methods listed below based on child’s age and compliance to the eye 
examination. Trained staffs operated the two autorefractors while an optometrist 
or orthoptist performed streak retinoscopy. 
3.3.1.2.1 Hand-held Autorefractor 
 
Children aged 12 to 23.9 months underwent autorefraction using the hand-
held Retinomax K-PLUS 2 (Right Medical Inc., Virginia Beach, VA, USA). The 
child was seated in the parent’s lap or an examination chair that could be raised or 
stood with his or her back against the wall. The examiner was seated opposite and 
facing the child. The setup screen was viewed through the view finder of the 
measuring unit and the examiner pressed “Mode” to select “R/K: both 
Refractometry and Keratometry” for the refraction and Keratometry mode. If the 
child was wearing spectacles, he or she was asked to remove the spectacles. The 
child was asked to look into the small hole in front of the Retinomax while the 
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examiner aligned the instrument with the child’s right eye and lowered the 
forehead rest to where it just contacted the child’s brow. The examiner pressed the 
START switch on the measuring unit handle once and release to start the 
measurements. By looking through the view finder, the examiner ensured that the 
right eye appeared on the screen and then brought the image of the right eye to the 
centre of the screen by moving the measurement unit. The child was asked to keep 
his or her eyes still and fixate on the “tree” in the center. The child was instructed 
not to blink and to open his or her eyes wide before starting the measurements. If 
the eye lids or eye lashes were hindering the process, the operator would gently 
raise the eye lids with the tip of his or her finger. The measuring unit was moved 
such that each dot image of the mire ring could be seen clearly. When the correct 
position was achieved, the measurements were taken automatically. The same 
procedure was repeated for the left eye. In total, the examiner obtained 5 
consecutive readings for the sphere and cylinder and 3 set of keratometry readings 
for each eye. All 5 readings for the spherical and cylindrical components should 
be 0.25 D apart; if any of the 5 readings were not within 0.25 D, additional 
readings were taken and those readings that were 0.25 D of each other were 
selected. The hand-held Retinomax autorefractor was calibrated at the beginning 
of each test session using the model eye provided. 
3.3.1.2.2 Table-Mounted Autorefractor 
 
Children aged 24 to 72 months underwent autorefraction using the Canon 
table mounted autorefractor RK-F1 (Canon Inc., Tokyo, Japan). The child was 
positioned on the parent’s lap who was seated or seated in an examination chair 
that could be raised. If the child was wearing spectacles, he or she was asked to 
remove the spectacles. The child was asked to rest his or her chin on the chin rest. 
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The chin rest was adjusted until the forehead rest just contacted the child’s brow. 
Both keratometry and autorefraction mode were selected by ensuring “K→R” was 
displayed on the operator screen. The mire image on the screen was adjusted by 
using the track ball until it fell on the centre of the child’s pupil. The child was 
then asked to keep still and to look at the “red roof of the house” through the right 
eyepiece. The child was requested to cooperate by not blinking and to open his or 
her eyes wide before starting the measurements. If the eye lids or eye lashes were 
hindering the process, the operator would gently raise the eye lids with the tip of 
his or her finger. The machine captured 5 consecutive spherical and cylindrical 
readings and 1 set of keratometry (Corneal radius of curvature [CR]) reading for 
each eye. All 5 readings for spherical and cylindrical components should be 0.25 
D apart; if any of the 5 readings were not within 0.25 D, 5 new readings were 
taken and those readings that were within 0.25 D of each other were then selected. 
The Canon table mounted autorefractor was calibrated at the beginning of each 
test session. The same procedure was repeated for the left eye. 
3.3.1.3 Streak Retinoscopy 
 
If the children were less than 12 months old or the autorefraction test 
failed, cycloplegic streak retinoscopy (Welch Allyn, Chessy, France) was 
performed on both eyes. The child was held firmly in the parent’s lap or seated in 
an infant seat and positioned 6 meters from the video monitor playing a cartoon 
video at the eye level of the child. The examiner’s chair was appropriately 
positioned from the child to allow for proper working distance and would not 
block the child’s view of the distance target. If the child was wearing spectacles, 
he or she was asked to remove the spectacles. Before starting the examination, the 
illumination inside the room was kept dim or dark. The child’s attention was 
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directed to the cartoon video and he or she was instructed to “keep looking” at it. 
If the child was strabismic, the eye that was not evaluated was covered and the 
retinoscopy measurements were performed on the axis. The right eye was 
measured first. The examiner carried out retinoscopy using a retinoscope by 
identifying each of the major meridians and then used loose lenses or lens bar to 
neutralize the reflex movement of each meridian separately. The examiner 
ensured that the neutralizing lenses were held parallel to the child’s frontal plane 
and as close to the eyes as possible. The same procedure was repeated for the 
other eye. The net retinoscopy finding was calculated by subtracting the dioptric 
equivalent of the working distance and recorded in spherocylindrical form and 
indicated in plus or minus cylinder form. 
3.3.1.4 Validation Studies between Retinomax and Table-Mounted 
Autorefractors 
 A pilot study, to compare the validity of using the hand-held Retinomax 
autorefracator and the Canon table mounted autorefractor with the streak 
retinoscopy to determine cycloplegic objective refraction in preschool children, 
was undertaken in 51 children (mean age = 52.3 months) who were recruited from 
the larger part of the STARS.[170] The results of the analysis showed that the 
mean SER using the Retinomax autorefractor (0.80 D, SD = 1.43) was 
significantly more negative than the mean SER obtained by streak retinoscopy 
(1.09 D, SD = 1.58; p<0.001). However, the mean SER obtained by table-
mounted autorefractor (1.03 D; SD = 1.64) was not significantly different from 
that measured by the streak retinoscopy (p = 0.66). A similar validity analysis 
conducted in 100 Singapore adults demonstrated similar results.[171] In this study, 
the SER readings obtained by the Retinomax handheld autorefractor and the table-
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mounted autorefractor (Topcon RM8000B) were compared to subjective 
refraction. The Retinomax autorefractor readings (mean = 4.69 D, SD = 3.38) 
were found to be more negative compared with the table-mounted autorefractor 
(mean = 4.05 D, SD = 3.33) and the subjective refraction (mean = 3.90 D, SD = 
3.18). As the Retinomax autorefractor was demonstrated to give a more myopic 
SER reading, the STARS refraction method deviated from the protocol of the 
MEPEDS by including the usage of the table-mounted autorefractor apart from 
the Retinomax hand-held autorefractor.  
3.3.2 Biometry Measurements 
 
AL was obtained monocularly using the non-contact partial coherence 
interferometry (IOL Master, Carl Zeiss, Jena, Germany) in children aged 30 to 72 
months. The child was positioned in front of the IOL Master by sitting on the 
parent’s lap or in an examination chair that could be raised. If the child was 
wearing spectacles, he or she was asked to remove the spectacles. The examiner 
roughly aligned the instrument to the child by ensuring that the child’s eyes were 
aligned with two red rings marks on the rails of the headrest. While still in 
overview mode, the instrument was fine aligned to the child’s right eye by using 
the joystick while the child was instructed to “always look at the yellow fixation 
light in the middle”. The circle of six light spots was focused on the centre of the 
pupils and cross hair. 
AL measurement was initiated by entering the ALM measurement mode 
through clicking the ALM icon, pressing <A> key or pressing the pushbutton of 
the joystick in Overview mode. The child was asked to look at the red fixation 
light. A crosshair with a circle in the middle appeared. The examiner then adjusted 
the reflection of the alignment light within the circle by fine-aligning the 
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instrument. AL measurements were started by pressing the pushbutton on the 
joystick. 3 consecutive AL readings were taken and the signal-to-noise ratio (SNR) 
was ensured to be greater than 2.0. The average AL was automatically calculated 
by the IOL Master software. The same procedure was repeated for the left eye. 
3.3.3 Risk Factor Assessment  
3.3.3.1 Height Measurements 
 
In children aged 6 months to 23.9 months, recumbent length was taken 
using an infantometer (Kiddimetre, Raven Equipment Ltd., Dunmow, Essex, UK). 
Two examiners measured the recumbent length. The shoes were removed and the 
child was positioned with his or her head towards the fixed end of the board and 
the body parallel to the long axis of the board. The shoulder blades were rested 
against the flat surface of the board. One examiner applied gentle force to bring 
the child’s head into contact with the fixed headboard. The second examiner held 
the child’s feet with toes pointing directly upwards, kept the knees straight and 
push the moveable footboard against the heels. If the child was restless, only the 
left foot was positioned for the measurement. The recumbent length was recorded 
to the nearest millimeter. 
Height was measured in children aged 24 months or older using the height 
and weight measuring scale, Seca model 220 (Seca, Hamburg, Germany). The 
child was asked to stand upright on the machine without shoes, feet together and 
flat, knees straight, and arms hanging down along the sides of the body and palms 
facing the thighs. The examiner lowered the adjustable headboard until it 
contacted the crown of the head and took measurements to the nearest 0.1 
centimeters while ensuring his or her eyes were level with the headboard. 
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3.3.3.2 Weight Measurements 
 
Weight was measured using the height and weight measuring scale, Seca 
model 220 (Seca, Hamburg, Germany). Before each measurement, the scale was 
checked for zero-balance. The child’s shoes and heavy clothing such as coat or 
jacket were removed. Children aged 24 months or older were asked to stand 
upright in the middle of the scale, feet together and arms hanging down along the 
sides of the body and palms facing the thighs. The child was asked to “look 
straight ahead and stand still”. In children less than 24 months of age, the parent 
carried the child while standing on the centre of the scale. Weight of the child was 
determined by subtracting the weight of parent alone from weight of parent and 
child together. Weight was recorded to the nearest 0.1 kg. The scale was 




A comprehensive interview was performed by the trained interviewers at 
the examination sites. The questionnaires were developed in English and 
translated to Chinese and then back-translated into English (Appendix C and D). 
Although most interviews were conducted in English, there were a few interviews 
that were completed in Chinese. The father or mother or both answered the 
questionnaires. The interview took about 20 to 40 minutes to complete. 
3.4.1 Demographics and Socioeconomic Factors 
 
Demographic risk factors such as age, gender, total family income, father’s 
and mother’s completed educational level were collected. Parents were asked to 
give information on their total combined monthly household income with the 
range: “less than S$1,000”, “S$1.000 – S$2,999”, “S$3,000 – S$4,999” or “more 
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than S$5,000”. Example of questions on father’s education are: “What’s the 
father’s completed educational level?” with the responses: “None”, “Primary”, 
“Secondary”, “‘O’ / ‘N’ Levels”, “‘A’ Levels/ polytechnic/ Diploma/ ITE/ 
Certificate”, “University education (degree and above including bachelor, master 
and PhD)” or “Others”. The questions on mother’s education were similar.  
3.4.2 Family History of Myopia 
 
We would like to know if any of the immediate family members have eye 
conditions, especially myopia, that require correction with glasses and contact 
lenses. The relationship of the immediate family member was ascertained as: 
“Father”, “Mother”, “Child 1”, “Child 2”, “Child 3” and so forth. The gender of 
the family member was denoted as 1 = Male or 2 = Female. The intermediate 
family members were asked on the history of wearing glasses or contact lenses. If 
there was a history of wearing glasses or contact lenses, the age at which glasses 
first wore was recorded and the reasons for wearing glasses or contact lenses was 
documented as: “Distance”, “Close”, “Both distance and close”, “Contact lens” or 
“Astigmatism”. 
3.4.3 Near work Activities 
 
The parents were asked to recall and assessed their child’s near work 
activity. Questions included “During the school year, how many hours per day, on 
a weekday or a weekend, (outside of regular school hours) would you estimate the 
child spend doing the activities such as: ‘Reading and writing (school work and 
read for pleasure)’, ‘Colors, or draws for fun (pleasure)’, ‘Watches television’, 
‘Playing television games (e.g. play station)’, ‘Uses a computer or plays 
computers’, ‘Plays hand-held video games (e.g. gameboy, handphone games)’ and 
‘other near work activities’”. The average time spent on each activity per day 
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(regardless of weekday or weekend) was calculated (5/7 X hours per weekday + 
2/7 X hours per weekend). Total near work activities were quantified by the sum 
of all near work activities. Diopter-hours was calculated as followed: (3 X hours 
spent reading) + (2 X hours spent on computer) + (2 X hours spent playing video 
games). 
Parents provided information on their child’s reading habits such as 
whether the child reads words or pictures by himseld/herself, the frequency of 
reading for fun, the time spent reading before taking a break, the frequency of 
reading book close to the face, the age which the child first started reading books 
by himself/herself on a regular basis, the number of books read per week and the 
time spent on academic tuition classes outside school hours. 
Information regarding preschool activities of the child included the age 
which the child first started attending a preschool centre (includes kindergarten, 
childcare and Montessori centers), the type of preschool attended and the time 
spend in the preschool per day. 
3.4.4 Outdoor Activity 
 
The outdoor activity questionnaire was similar to that used by SMS.[14] 
The parents were asked to recall and assessed the outdoor activity performed by 
their child during the school term.  
They were asked: “During the school year, how many hours per day, on a 
weekday or a weekend, (outside of regular school hours) would you estimate the 
child spend doing the activities such as: ‘Playing out of doors (in a backyard, walk 
and/or bike riding)’ and ‘Outdoor leisure activities (Family BBQs, park, and/or 
picnic, beach)’”.  
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Parents were requested to list down the outdoor sports (e.g. swimming, 
tennis, soccer) their child performed and the number of hours spent on the activity 
per week. Presence of nearby park or garden and whether the child played in the 
park or garden was ascertained by asking: “Is there a park or garden near to your 
home where your child could play outdoors?” If there was a park or garden nearby, 
the parents were asked: “Does your child play in the nearby park or garden at least 
once a week?” 
The average time spent on each activity per day (regardless of weekday or 
weekend) was calculated (5/7 X hours per weekday + 2/7 X hours per weekend) 
while outdoor sporting activity was calculated for each day (number of hours per 
week/7). Total near work and outdoor activities were quantified by the sum of all 
near work activities and outdoor activities respectively. 
3.4.5 Birth Parameters 
 
Birth history data were acquired from a documented medical record 
booklet (Health booklet) - the hospital doctor or nurse records details of the birth 
history a few days after birth. Birth parameters documented include birth weight 
(grams), gestational age (weeks), head circumference (cm) and birth length (cm). 
Parents were requested to bring the child’s health booklet to the clinic for the 
clinic interviewer to record the birth parameters. 
3.4.6 History of Parental Smoking 
Information on smoking history was obtained from the parents. Mothers 
were asked if she had ever smoked at least one cigarette a day for the one year or 
longer with the responses: “No”, “Yes and she currently smokes” or “Yes and she 
quit smoking”. If the mother had quit smoking, she was asked when she had quit 
smoking. If there was a history of smoking, the mother was asked to give the age 
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which she first started to smoke cigarettes on a regular basis. Lastly, the number 
of cigarettes smoked by the mother was ascertained and categorised into: “less 
than 6 cigarettes”, “7 to 12 cigarettes”, “13 to 22 cigarettes”, “23 to 32 cigarettes”, 
33 to 42 cigarettes” or “more than 43 cigarettes”. Father’s smoking history was 
ascertained with the same questions the mother answered. 
The history of smoking during pregnancy was obtained from the biological 
mother. She was asked “At any time during the pregnancy with the child, did you 
smoke? If the biological mother ever smoked during her pregnancy with the child, 
she was asked to provide information regarding the months (1st month, 2nd month 
etc) of the pregnancy which she smoked and the number of cigarettes smoked per 
day. 
3.5 Definitions 
SER was calculated as ‘sphere plus half negative cylinder’. Myopia was 
defined as SER measurements of ≤ -0.5 D. A child was recorded as having no 
myopic parents if both father and mother did not wear glasses or contact lenses for 
looking at far objects, having 1 myopic parent if either the father or mother wore 
glasses or contact lenses for looking at far objects or 2 myopic parents if both the 
father and mother wore glasses or contact lenses for looking at far objects. Body 
mass index (BMI) was calculated as weight divided by square of height or length 
(BMI = weight in kilograms / height in square meters). 
3.6 Data Management 
 
3.6.1 Data Collection and Entry 
The STARS database was created (range checks and warning for missing 
data built in) and was used to capture all the clinical examination and 
questionnaire data (Microsoft Access, Microsoft Corp, Redmond, Washington). 
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Two qualified data entry personnel entered the clinical examination and 
questionnaire data separately at a central location. The data were stored on 
external hard drives which were password protected. 
A third party countercheck was performed to verify the integrity of the 
double entry data (Microsoft Access add on, Compare Wizard, Microsoft Corp, 
Redmond, Washington). If any discrepancies were found in any of the entries of 
the STARS database, the case files were pulled out of a central storage. The third 
party looked up the uncertain fields and entered the correct values into the 
database.  
3.6.2 Confidentiality 
 The clinic coordinators emphasized to the parents on the confidentiality of 
their medical records collected for the purposes of the STARS. The parents were 
also explained on the possible direct access to the subjects’ hospital and records 
by the relevant health authorities for verification but without violating the 
confidentiality of the subject. In addition, the parents were informed about the 
linkage of their child’s medical records to the nation-wide disease databases to 
facilitate the understanding of the eye diseases. Furthermore, the parents were 
informed about the direct access by the SERI, NHG Domain-Specific Review 
Board and the Ministry of Health (MOH) on their children‘s medical records to 
check the study procedures and the data but without making any of the 
information public. 
To facilitate data management, every child’s record was identified by a 
unique identification number linked to the child’s BC number. The working file 
contained only the unique identification number but not the BC numbers, name of 
the child or parents, addresses and telephone numbers. A separate file was created 
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for linking the serial number with the BC number and stored under lock and key. 
Only study staff was granted passwords to access the study data. 
3.7 Data Analysis 
All the statistical analyses were performed using the Statistical Package for 
the Social Science (SPSS) statistical software (version 17.0; SPSS Inc, Chicago) 
and Stata (version 10; Stata, College Station, TX). The mean, SD, median, range, 
skewness and kurtosis for continuous variables were reported. The one-sample 
Kolmogorov-Smirnov (K-S) test was used to assess the normality of each 
continuous variable. The mean differences between children with and without 
myopia were identified through paired t-test for continuous variables. χ2 test was 
performed on the proportions of children with or without myopia by categorical 
risk factors. To derive the adjusted means for the categories of risk factors, 
general linear models were constructed by means of univariate analysis by 
controlling for potential confounders. Multiple logistic models were constructed 
with myopia as the outcome variable and age, gender, height, parental myopia, 
time spent outdoor and read words or pictures as the explanatory variables with 
adjustment for familial clustering and receiver operating characteristics (ROC) 
curves were used to assess the predictive ability of the models. Maximum 
likelihood estimates of the OR and 95% CI are calculated for logistic regression 
analyses. Multiple linear regression models were constructed to assess the risk 
factors that predict the myopia status and axial length. Additional statistical 
methods included Pearson and Spearman correlation analyses. Statistical 
significance is taken at p<0.05. The mean SER and AL of the right and left eyes 
were highly correlated (spearman correlation coefficient of 0.95 and 0.98 






4.1 Characteristics and Demographics of the Study Population 
 
4.1.1 Age and Gender 
 
A total of 3009 children (response rate = 72.3%) aged 6 to 72 months 
participated in the STARS, of which 1570 (52.2%) was boys and 1439 (47.8%) 
was girls (Table 15). The mean age of the children was 40.5 months (SD = 18.6). 
There was no significant difference in mean age between boys (40.2 months, SD = 
18.6) and girls (40.5 months, SD = 18.5, p = 0.44) (Table 15). There were 190 
(6.3%), 540 (17.9%), 516 (17.1%), 579 (19.2%), 605 (20.1%) and 579 (19.2%) 
children in the age groups 6-11.9 months, 12-23.9 months, 24-35.9 months, 36-
47.9 months, 48-59.9 months and 60-72 months, respectively. There was no 
significant difference in the proportion of genders in each age group (p = 0.08) 
(Table 15). 
Table 15. Characteristics of the Study Population by Gender and Age 
 
Characteristic Total  Boys Girls p* 
 n  Median n  n   
Gender 3009 100%  1570 52.2% 1439 47.8% 0.017 
Age, months 3009 40.5 (18.6) 41.2 1570 40.2 (18.6) 1439 40.5 (18.5) 0.435 
Age groups, months         
6-11.9 190 6.3%  89 5.7% 101 7.0% 0.08 
12-23.9 540 17.9%  310 19.7% 230 16.0%  
24-35.9 516 17.1%  263 16.8% 253 17.6%  
36-47.9 579 19.2%  293 18.7% 286 19.9%  
48-59.9 605 20.1%  323 20.6% 282 19.6%  
60-72 579 19.2%  292 18.6% 287 19.9%  
Data are presented as numbers and proportions or means and standard deviations. 
*p-value based on chi-square (categorical) and independent sample t test (continuous). 
 
4.1.2 Axial Length, Spherical Equivalent and Myopia 
 
1845 (61.3%) children (936 (50.7%) boys and 909 (49.3%) girls) had data 
recorded for AL of the right eyes (Table 16). The mean AL was 22.12 mm (SD = 
0.74). The distribution of AL was normal.(Figure 7) There was a significant 
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longer mean AL in boys than girls (22.37 mm; SD = 0.70 vs. 21.86 mm; SD = 
0.69, p<0.001).  
 
Figure 7. Distribution of Axial length among Singapore Chinese Preschool Children 
 
2639 (87.7%) children (1375 (52.1%) boys and 1264 (47.9%) girls) had 
data for SER of the right eyes (Table 16). The distribution of SER was highly 
leptokurtic (kurtosis 24.4).(Figure 8) The mean SER was 0.69 D (SD = 1.16). 
There was no significant difference between boys (0.64 D; SD = 1.05) and girls 








Figure 8. Distribution of Spherical Equivalent among the Right Eyes of Singapore Chinese 
Preschool Children 
 
There were 301 (11.4%; 95% CI (10.2, 12.7)) children (156 (51.8%) boys 
and 145 (48.2%) girls) with myopia (defined as SER ≤ -0.5 D) in the right eyes 
(Table 16). There was no significant difference between boys and girls for 
prevalence of myopia (11.3% vs. 11.5%; p = 0.92).  
Table 16. Characteristics of the Study Population by Ocular biometry and Spherical 
Equivalent 
 
Characteristic Total  Boys Girls p* 
 n  Median n  n   
Axial length, mm 
(right eye) 1845 22.12 (0.74) 
22.12 936 22.37 (0.70) 909 21.86 (0.69) <0.001 
Spherical equivalent, 
D (right eye) 2639 0.68 (1.16) 0.75 1375 0.64 (1.05) 1264 0.73 (1.27) 0.09 
Presence of myopia 
(right eye)   
      
Yes 301 11.4%  156 11.3% 145 11.5% 0.92 
No 2338 88.6%  1219 88.7% 1119 88.5%  
Data are presented as numbers and proportions or means and standard deviations. 
*p-value based on chi-square (categorical) and independent sample t test (continuous). 
 
The mean AL was significantly longer in myopic children than non-
myopic ones (22.62 mm; SD = 0.93 vs. 22.08 mm; SD = 0.71, p<0.001) and even 
after adjusting for age, gender, height, read words or picture books and total time 
spent outdoor (22.72 mm; standard error of mean (SEM) = 0.07 vs. 22.09 mm; 
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SEM = 0.04, p<0.001) (Table 17). Similarly, the mean SER was significantly 
more negative in myopic than non-myopic children (-1.35 D; SD = 1.54 vs. 0.95 
D; SD = 0.78, p<0.001) and even after adjusting for age, gender, height, read 
words or picture books  and total time spent outdoor (-1.31 D; SEM = 0.05 vs. 
1.00 D; SEM = 0.03, p<0.001). 
Table 17. Proportion of Children with Myopia by Ocular biometry and Spherical Equivalent 
 
Characteristic N Myopia (< -0.5 D) Non-myopia (≥ -0.5 D) p* 
  n  n   
Mean Axial length, mm 
(right eye) 1667 129 22.62 (0.93) 1538 22.08 (0.71) <0.001 
Mean Spherical equivalent, 
Diopters, (right eye) 2639 301 -1.35 (1.54) 2338 0.95 (0.78) <0.001 
Data are presented as means and standard deviations. 
*p-value based on independent sample t test (continuous). 
 
4.1.3 Social Economic Status 
 
2927 children had data for father’s education. There were 294 (10.0%), 
863 (29.5%), 804 (27.5%) and 966 (33.0%) children whose father’s highest 
attained education level were “None/Primary school”, “Secondary school/N- or O-
Level”, “Diploma/ITE/Certificate/A-Level” and “University education” 
respectively (Table 18). There was no significant difference between boys and 
girls for father’s education (p = 0.36). 
2947 children had data for mother’s education. There were 200 (6.8%), 
1037 (35.2%), 877 (29.8%) and 833 (28.3%) children whose mother’s highest 
attained education level were “None/Primary school”, “Secondary school/N- or O-
Level”, “Diploma/ITE/Certificate/A-Level” and “University education” 
respectively (Table 18). There was no significant difference between boys and 
girls for mother’s education (p = 0.87). 
Total family income data were available for 2912 children. There were 74 
(2.5%), 627 (21.5%), 892 (30.6%) and 1319 (45.3%) children whose total family 
income were “<S$1000”, “S$1000-S$2999”, “S$3000-S$4999” and “>S$5000” 
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respectively (Table 18). There was no significant difference between boys and 
girls for total family income (p = 0.49). 
Table 18. Characteristics of the Study Population by Social Economic Status 
 
Characteristic Total Boys Girls p* 
 n  n  n   
Father’s education        
No/Primary school (reference) 294 10.0% 158 10.3% 136 9.7% 0.36 
Secondary school/ N- or O-Level 863 29.5% 441 28.9% 422 30.1%  
Diploma/ITE/Certificate/A-Level 804 27.5% 438 28.7% 366 26.1%  
University education 966 33.0% 490 32.1% 476 34.0%  
Mother’s education        
No/Primary school (reference) 200 6.8% 107 7.0% 93 6.6% 0.87 
Secondary school/ N- or O-Level 1037 35.2% 545 35.4% 492 34.9%  
Diploma/ITE/Certificate/A-Level 877 29.8% 461 30.0% 416 29.5%  
University education 833 28.3% 425 27.6% 408 29.0%  
Total family income        
<S$1000 74 2.5% 39 2.6% 35 2.6% 0.49 
S$1000-S$2999 627 21.5% 314 20.7% 313 22.5%  
S$3000-S$4999 892 30.6% 482 31.7% 410 29.4%  
>S$5000 1319 45.3% 684 45.0% 635 45.6%  
Data are presented as numbers and proportions 
*p-value based on chi-square (categorical). 
 
There were no significant differences in the prevalence of myopia in 
children for father’s education (p = 0.85), mother’s education (p = 0.640) and total 
family income (p = 0.35) (Table 19). 
Table 19. Proportion of Children with Myopia by Social Economic Status 
 
Characteristic N Myopia (< -0.5 D) Non-myopia (≥ -0.5 D) p* 
  n  n   
Father’s education       
No/Primary school (reference) 269 30 11.2% 239 88.8% 0.85 
Secondary school/ N- or O-Level 773 86 11.1% 687 88.9%  
Diploma/ITE/Certificate/A-Level 707 77 10.9% 630 87.8%  
University education 826 101 12.2% 725 88.6%  
Mother’s education       
No/Primary school (reference) 179 20 11.2% 159 88.8% 0.64 
Secondary school/ N- or O-Level 921 101 11.0% 820 89.0%  
Diploma/ITE/Certificate/A-Level 788 85 10.8% 703 89.2%  
University education 708 90 12.7% 618 87.3%  
Total family income       
<S$1000 69 12 17.4% 57 82.6% 0.35 
S$1000-S$2999 573 65 11.3% 508 88.7%  
S$3000-S$4999 793 97 12.2% 696 89.2%  
>S$5000 1130 122 10.8% 1008 88.5%  
Data are presented as numbers and proportions 
*p-value based on chi-square (categorical). 
 
4.2 Risk Factors for Myopia Analysis 
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4.2.1 Parental History of Myopia 
 
4.2.1.1 Characteristics of the Study Population by Parental History of 
Myopia 
 
There were 860 (28.7%) children with no myopic parents, 1151 (38.4%) 
children with one myopic parent and 984 (32.9%) children with two myopic 
parents. The proportion of children with zero, one and two myopic parents was 
not significantly different in boys and girls (p = 0.24) (Table 20). 
There were 2135 (71.3%) children with a history of parental myopia and 
860 (28.7%) children without a history of parental myopia. There was no 
significant difference in the proportion of children with and without a history of 
parental myopia in boys and girls (p = 0.51). 
Table 20. Characteristics of the Study Population by Parental Myopia 
 
Characteristic Total Boys Girls p* 
 n  n  n   
Number of myopic parents         
None 860 28.7% 457 29.2% 403 28.1% 0.24 
One 1151 38.4% 614 39.3% 537 37.5%  
Two 984 32.9% 492 31.5% 492 34.4%  
History of parental myopia        
Yes 2135 71.3% 1106 70.8% 1029 71.9% 0.51 
No 860 28.7% 457 29.2% 403 28.1%  
Data are presented as numbers and proportions or means and standard deviations. 
*p-value based on chi-square (categorical) and independent sample t test (continuous). 
 
4.2.1.2 Proportion of Children with Myopia by Parental history of Myopia 
 
The prevalence of myopia was 8.9%. 9.6% and 15.8% for children with 
zero, one and two myopic parents respectively (p<0.001) (Table 21). Similarly, 
the prevalence of myopia was significantly higher in children with a history of 




Figure 9. Prevalence of Myopia in Children among History of Parental Myopia 
 
Table 21. Proportion of Children with Myopia by Parental Myopia 
 
Characteristic N Myopia (< -0.5 D) Non-myopia (≥ -0.5 D) p* 
  n  n   
Number of myopic parents        
None 757 67 8.9% 690 91.1% <0.001 
One 1003 96 9.6% 907 90.4%  
Two 874 138 15.8% 736 84.2%  
History of parental myopia       
Yes 1877 234 12.5% 1643 87.5% 0.008 
No 757 67 8.9% 690 91.1%  
Data are presented as numbers and proportions or means and standard deviations. 
*p-value based on chi-square (categorical) and independent sample t test (continuous). 
 
4.2.1.3 Ocular Biometry and Spherical Equivalent by Parental history of 
Myopia 
 
Children with two myopic parents had the significantly longest mean AL 
compared to children with one or no myopic parent in a dose response fashion 
(22.17mm; SD = 0.74, 22.12 mm; SD = 0.74 and 22.07 mm; SD = 0.75, p = 0.02 
respectively) (Table 22). Furthermore, the relationship remained after adjusting 
for age, gender, height, read words or picture books and total time spent outdoor 
(22.24 mm; SEM = 0.05, 22.14 mm; SEM = 0.04 and 22.07 mm; SEM = 0.04, 
p<0.001) in multiple linear regression models. Based on the history of parental 
myopia, children with positive history of parental myopia had a longer mean AL 
than those without a history of parental myopia which was not significant (22.14 
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mm; SD = 0.74 vs. 22.07 mm; SD = 0.75, p = 0.07).(Figure 10) However, after 
adjusting for age, gender, height, read words or picture books and total time spent 
outdoor, a positive history of parental myopia resulted in a significant longer 
mean AL than a negative history of parental myopia (22.18 mm; SEM = 0.04 vs. 
22.06 mm; SEM = 0.04, p<0.001) in multiple linear regression models.  
 
Figure 10. Mean Axial Length in Children among Parental Myopia
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Table 22. Ocular Biometry and Spherical Refraction by Parental Myopia 
 
Characteristic   Axial Length (mm)  Spherical Equivalent Refraction (Diopters) 


















Number of myopic parents           
None  548 22.07 (0.75) 22.04 (0.03) 22.07 (0.04) 757 0.85 (1.21) 0.84 (0.04) 0.86 (0.05) 
One  709 22.12 (0.74) 22.11 (0.02) 22.14 (0.04) 1003 0.73 (1.00) 0.73 (0.04) 0.75 (0.04) 
Two  584 22.17 (0.74) 22.20 (0.03) 22.24 (0.05) 874 0.50 (1.25) 0.50 (0.04) 0.51 (0.05) 
P   0.02 <0.001 <0.001  <0.001 <0.001 <0.001 
At least one parent myopic          
Yes  1293 22.14 (0.74) 22.15 (0.02) 22.18 (0.04) 1877 0.62 (1.13) 0.63 (0.03) 0.64 (0.04) 
No  548 22.07 (0.75) 22.04 (0.03) 22.06 (0.04) 757 0.85 (1.21) 0.84 (0.04) 0.87 (0.05) 
P   0.07 0.001 <0.001  <0.001 <0.001 <0.001 
Presence of myopia (right eye)          
Yes  129 22.62 (0.93) 22.71 (0.06) 22.72 (0.07) 301 -1.35 (1.54) -1.36 (0.05) -1.31 (0.05) 
No  1538 22.08 (0.71) 22.07 (0.02) 22.09 (0.04) 2338 0.95 (0.78) 0.95 (0.02) 1.00 (0.03) 
P   <0.001 <0.001 <0.001  <0.001 <0.001 <0.001 
Data are presented as means and standard deviations or standard error. 
P-value based on linear trend test.  
*Adjusted for age, gender, height, read words or picture books and total time spent outdoor.  
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The mean SER became more significantly negative in children with 
increasing number of myopic parents in a dose-response fashion; mean SER of 
0.85 D (SD = 1.21), 0.73 D (SD = 1.00) and 0.50 (SD = 1.25) for zero, one and 
two myopic parents respectively (p<0.001) (Table 22). After adjusting for age, 
gender, height, read words or picture books and total time spent outdoor, the dose-
response relationship between number of myopic parents and mean adjusted SER 
stayed (mean SER of 0.86 D; SEM = 0.05, mean SER of 0.75 D; SEM = 0.04 and 
mean SER of 0.51 D; SEM = 0.05 for zero, one and two parents respectively; 
p<0.001).  
Similarly, children with a positive history of parental myopia had a 
significantly more myopic mean SER than those without myopic parents (0.62 D; 
SD = 1.13 vs. 0.85 D; SD = 0.1.21, p<0.001) (Figure 11) and even after adjusting 
for age, gender, height, read words or picture books and total time spent outdoor 
(0.64 D; SEM = 0.04 vs. 0.87 D; SEM = 0.05, p<0.001). 
 






4.2.2.1 Characteristics of the Study Population by Stature 
 
There were 2973, 2989 and 2971 children with available data for height, 
weight and BMI (Table 23). The mean height was 96.0 cm (SD = 13.3), mean 
weight was 14.8 kg (SD = 4.3) and mean BMI was 15.9 kg/m2 (SD = 3.0). Across 
the age groups, mean height (p<0.001) and mean weight (p<0.001) increases as 
the children get older whereas the BMI decreases down the age groups (p<0.001). 
Similar results were obtained when boy and girls were analysed separately (all 
p<0.001). The distribution of height and weight was normal (Figure 12 and Figure 
13) while that of BMI was leptokurtic (kurtosis 510) and left skewed (skewness, 
17.6).(Figure 14) Boys were significantly taller (mean height of 96.6 cm; SD = 
13.2 vs. 95.4 cm; SD = 13.3, p = 0.01), heavier (mean weight of 15.1 kg; SD = 4.3 
vs. 14.5 cm; SD = 4.2, p<0.001) and had greater BMI (mean BMI of 16.1 kg/m2; 
SD = 2.8 vs. 15.8 kg/m2; SD = 3.2, p = 0.02) than girls. The same patterns for 
boys and girls were seen across the age groups for height, weight (except in the 
age group of 36 to 47.9 months) and BMI (except for BMI in the age groups of 6 
to 11.9 months, 12 – 23.9 months, 36 to 47.9 months, and 60 to 72 months). 
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Figure 12. Distribution of Height among Singapore Chinese Preschool Children 
 
Figure 13. Distribution of Weight among Singapore Chinese Preschool Children 
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Figure 14. Distribution of BMI among Singapore Chinese Preschool Chinese 
 
Table 23. Characteristics of the Study Population by Stature 
 
Characteristic Total  Boys Girls p* 
 n  Median n  n   
Height, cm 2973 96.0 (13.3) 97.4 1551 96.6 (13.2) 1422 95.4 (13.3) 0.01 
6 – 11.9 months 181 70.7 (4.8) 70.6 85 71.6 (5.1) 96 69.9 (4.5) 0.02 
12 – 23.9 months 529 81.1 (5.3) 81.5 305 82.0 (4.7) 224 79.9 (5.8) <0.001 
24 – 35.9 months 510 90.1 (5.4) 90.1 258 90.7 (6.0) 252 89.5 (4.7) 0.01 
36 – 47.9 months 573 97.9 (5.0) 97.6 291 98.4 (5.0) 282 97.4 (4.9) 0.02 
48 – 59.9 months 603 104.9 (4.7) 104.6 321 105.6 (4.8) 
282 104.2 (4.5) <0.001 
60 – 72 months 577 111.6 (5.9) 111.1 291 112.7 (5.5) 
286 110.6 (6.1) <0.001 
Weight, kg 2989 14.8 (4.3) 14.5 1557 15.1 (4.3) 1432 14.5 (4.2) <0.001 
6 – 11.9 months 188 8.5 (1.1) 8.5 87 8.9 (1.2) 101 8.2 (1.0) <0.001 
12 – 23.9 months 535 10.7 (1.5) 10.6 308 10.9 (1.5) 227 10.4 (1.5) <0.001 
24 – 35.9 months 512 13.0 (1.8) 12.8 259 13.4 (1.9) 253 12.6 (1.6) <0.001 
36 – 47.9 months 575 15.2 (2.5) 14.8 291 15.4 (2.6) 284 14.9 (2.4) 0.053 
48 – 59.9 months 602 17.1 (2.6) 16.7 321 17.5 (2.8) 281 16.7 (2.4) <0.001 
60 – 72 months 577 19.6 (3.9) 18.9 291 20.1 (3.8) 286 19.0 (3.9) 0.001 
BMI, kg/m2 2971 15.9 (3.0) 15.7 1550 16.1 (2.8) 1421 15.8 (3.2) 0.02 
6 – 11.9 months 181 17.1 (2.6) 16.7 85 17.5 (3.0) 96 16.8 (2.3) 0.07 
12 – 23.9 months 529 16.4 (4.5) 16.2 305 16.3 (1.6) 224 16.6 (6.6) 0.52 
24 – 35.9 months 510 16.1 (3.9) 15.9 258 16.5 (5.3) 252 158 (1.6) 0.04 
36 – 47.9 months 573 15.8 (2.0) 15.5 291 15.8 (1.9) 282 15.7 (2.0) 0.59 
48 – 59.9 months 602 15.5 (1.8) 15.3 321 15.7 (1.8) 281 15.3 (1.7) 0.02 
60 – 72 months 576 15.6 (2.1) 15.3 290 15.8 (2.1) 286 15.5 (2.2) 0.11 
Data are presented as means and standard deviations. 
*p-value based on chi-square (categorical) and independent sample t test (continuous). 
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4.2.2.2 Differences in Stature by Myopia status 
 
Children with myopia were significantly shorter than children without 
myopia (91.7 cm; SD = 13.8 vs. 96.8 cm; SD = 13.1, p<0.001) (Table 24). 
Similarly, myopic children weighed significantly lesser on average than non-
myopic children (13.8 kg; SD = 4.0 vs. 15.1 kg; SD = 4.3, p<0.001). However, a 
significant greater BMI was found in children with myopia than those without 
myopia (16.4 kg/m2; SD = 5.1 vs. 15.9 kg/m2; SD = 2.8, p = 0.01). 
Table 24. Proportion of Children with Myopia by Stature 
 
Characteristic N Myopia (< -0.5 D) Non-myopia (≥ -0.5 D) p* 
  n  n   
Height, cm 2619 300 91.7 (13.8) 2319 96.8 (13.1) <0.001 
Weight, kg 2630 300 13.8 (4.0) 2330 15.1 (4.3) <0.001 
BMI, kg/m2 2617 300 16.4 (5.1) 2317 15.9 (2.8) 0.01 
Data are presented as means and standard deviations. 
*p-value based on chi-square (categorical) and independent sample t test (continuous). 
 
4.2.2.3 Ocular Biometry and Spherical Equivalent by Stature 
 
Table 25 showed the unadjusted and adjusted mean AL and SER for height, 
weight and BMI stratified by median and quartile values cut-off, and multiple 
linear regression models of AL and SER for height, weight and BMI. 
In general, taller children had eyes with longer mean AL. Figure 15 
showed the scatter plot of height and AL; there is positive association between 
both variables (r = 0.42). Children who were above the median cut-off value (97.4 
cm) for height had longer mean AL by 0.16 mm (22.19 mm; SEM = 0.05 vs. 
22.03 mm; SEM = 0.04, p = 0.001) than those who were below the median cut-off 
value, after controlling for age, gender, weight, parental myopia, read words or 
picture books. After stratifying by quartile values for height, children in the fourth 
quartile for a given age and gender stratum had AL that were significantly longer 
by 0.33 mm (p = 0.01) in children in the fourth quartile compared to those in the 
first quartile. Furthermore, the positive association between height and AL was 
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ascertained by linear regression models adjusting for age, gender, weight, parental 
myopia, read words or pictures  and total time spent outdoor; for each 1 cm 
increased height, the AL increased by 0.02 mm (95% CI (0.01, 0.03), p<0.001). 
 
Figure 15. Scatter Plot of Height and Axial Length 
 
Children who were above the median cut-off value for height had 
significantly more hyperopic mean adjusted SER (controlling for age, gender, 
weight, parental myopia, read words or picture books and total time spent outdoor) 
than those who were below the median cut-off value (0.80 D; SEM = 0.05 vs. 0.63 
D; SEM = 0.05, p = 0.03). After stratifying by quartile values cut-off for height, 
there was no significant association of height with SER (p = 0.93). In contrast, 
linear regression models for SER showed a negative association between height 
and SER (regression coefficient = -0.01; 95% CI (-0.02, -0.01), p = 0.04). 
Similarly, heavier children had eyes with longer mean AL.  
Figure 16 showed the scatter plot of weight and Al; there was a positive 
association (r = 0.36). After adjusting for age, gender, height, parental myopia, 
read words or picture books and total time spent outdoor, children who weighed 
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above the median cut-off value (14.5 kg) had a significantly 0.14 mm longer mean 
AL than those who weighed less than the median cut-off value (22.19 mm; SEM = 
0.04 vs. 22.05 mm; SEM = 0.05, p = 0.002). Likewise, after stratifiying by 
quartile values cut-off for weight, children in the fourth quartile had eyes with 
mean AL significantly longer by 0.36 mm than those in the first quartile (p = 
0.001). As expected, linear regression models for AL adjusting for age, gender, 
height, parental myopia, read words or picture books and total time spent outdoor, 
each 1 kg increased weight corresponded with a 0.02 mm longer AL (95% CI 
(0.003, 0.03), p = 0.02). 
On the contrary, after adjustment for age, gender, height, parental myopia, 
read words or pictures and total time spent outdoor, categories of weight by 
median and quartile values cut-off was not associated with SER (p = 0.57 and p = 
0.25). Correspondingly, linear regression models for SER controlling for the same 
factors did not demonstrate the association of weight with SER. 
In addition, analysis of the association of BMI with AL and SER adjusting 
for age, gender, parental myopia, read words or picture books and total time spent 
outdoor, demonstrated similar findings as that for weight. Children who were 
above the median cut-off value for BMI (15.7 kg/m2) had a significantly 0.11 mm 
longer mean adjusted AL than those who were below the median cut-off value 
(22.20 mm; SEM = 0.04 vs. 22.09 mm; SEM = 0.04, p<0.001) and children in the 
fourth quartile for BMI had a mean adjusted AL that were significantly longer by 
0.15 mm than those in children in the first quartile (p<0.001). Moreover, linear 
regression models for AL controlling for covariates showed that for each kg/m2 
increased BMI, the AL increased by 0.03 mm (95% CI (0.01, 0.04), p<0.001). 
Likewise, after adjustment for age, gender, height, parental myopia, read words or 
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pictures and total time spent outdoor, categories of BMI by median and quartile 
values cut-off was not associated with SER (p = 0.30 and p = 0.61). In the same 
fashion, linear regression models for SER controlling for the same factors did not 
demonstrate the association of BMI with SER. 
 
 
Figure 16. Scatter Plot of Weight and Axial Length
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Table 25. Ocular Biometry and Spherical Refraction by Stature 
 
Characteristic  Axial Length (mm) Spherical Equivalent Refraction (Diopters) 
















Height, cm          
≤ 97.4  436 21.68 (0.64) 21.95 (0.04) 22.03 (0.05) 1291 0.61 (1.10) 0.61 (0.05) 0.63 (0.05) 
> 97.4  1407 22.26 (0.72) 22.17 (0.02) 22.19 (0.04) 1328 0.76 (1.21) 0.76 (0.05) 0.80 (0.05) 
P   <0.001 <0.001 0.001  0.001 0.06 0.03 
Height, cm          
First quartile  15 21.35 (0.67) 21.79 (0.17) 21.92 (0.17) 664 0.68 (1.14) 0.80 (0.08) 0.78 (0.09) 
Second quartile  421 21.69 (0.63) 21.88 (0.04) 21.98 (0.06) 646 0.54 (1.04) 0.57 (0.05) 0.57 (0.06) 
Third quartile  689 22.08 (0.70) 22.10 (0.03) 22.15 (0,05) 657 0.75 (1.42) 0.70 (0.05) 0.71 (0.06) 
Fourth quartile  718 22.43 (0.69) 22.28 (0.03) 22.25 (0.05) 652 0.77 (0.98) 0.68 (0.08) 0.72 (0.09) 
P   <0.001 0.002 0.01  0.02 0.64 0.93 
Regression coefficient     0.02 (0.01–0.03)    -0.01 (-0.02 - -0.001) 
P (regression)     <0.001    0.04 
Weight, kg          
≤ 14.5  454 21.71 (0.68) 21.94 (0.03) 22.05 (0.05) 1296 0.64 (1.14) 0.69 (0.04) 0.69 (0.05) 
> 14.5  1388 22.26 (0.71) 22.17 (0.02) 22.19 (0.04) 1334 0.73 (1.17) 0.68 (0.04) 0.73 (0,05) 
P   <0.001 <0.001 0.002  0.06 0.90 0.57 
Weight, kg          
First quartile  50 21.44 (0.65) 21.77 (0.09) 21.91 (0.10) 667 0.71 (1.09) 0.88 (0.07) 0.84 (0.08) 
Second quartile  404 21.74 (0.68) 21.92 (0.04) 22.02 (0.05) 653 0.57 (1.19) 0.61 (0.05) 0.62 (0.06) 
Third quartile  683 22.06 (0.68) 22.09 (0.02) 22.14 (0.05) 670 0.73 (1.11) 0.66 (0.05) 0.69 (0.06) 
Fourth quartile  705 22.44 (070) 22.29 (0.03) 22.27 (0.05) 640 0.73 (1.23) 0.59 (0.06) 0.65 (0.07) 
P   <0.001 <0.001 0.001  0.26 0.03 0.25 
Regression coefficient     0.02 (0.003–0.03)    -0.002 (-0.02 - 0.02) 
P (regression)     0.02    0.86 
BMI, kg/m2          
≤ 15.7  1066 22.08 (0.74) 22.07 (0.02) 22.09 (0.04) 1336 0.72 (1.07) 0.71 (0.03) 0.74 (0.04) 
> 15.7  775 22.17 (0.75) 22.18 (0.02) 22.20 (0.04) 1281 0.65 (1.24) 0.67 (0.03) 0.69 (0.04) 
P   0.01 <0.001 <0.001  0.11 0.38 0.30 
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BMI, kg/m2          
First quartile  558 22.08 (0.75) 22.06 (0.03) 22.08 (0.05) 660 0.74 (1.10) 0.72 (0.05) 0.74 (0.05) 
Second quartile  508 22.09 (0.72) 22.09 (0.03) 22.09 (0.05) 676 0.70 (1.05) 0.69 (0.05) 0.74 (0.05) 
Third quartile  392 22.12 (0.82) 22.16 (0.03) 22.18 (0.05) 611 0.60 (1.44) 0.62 (0.05) 0.65 (0.05) 
Fourth quartile  383 22.22 (0.66) 22.20 (0.03) 22.23 (0.05) 670 0.69 (1.03) 0.71 (0.05) 0.74 (0.05) 
P   0.003 <0.001 <0.001  0.20 0.59 0.61 
Regression coefficient     0.03 (0.01-0.04)    -0.005 (-0.02 - 0.009) 
P (regression)     <0.001    0.47 
Data are presented as means and standard deviations. 
*p-value based on linear trend test. 
*Adjusted for age, gender, parental myopia, read words or picture books, time spent outdoor and height or weight.
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4.2.3 Outdoor Activity 
 
4.2.3.1 Characteristics of the Study Population by Outdoor Activity 
 
Children spent on average 11.1 hours (SD = 1.8), 11.6 hours (SD = 2.2) 
and 1.35 hours (SD = 1.41) on sleeping, staying in indoor and staying in outdoor 
respectively per day (Table 26). There were no significant difference between 
boys and girls for time spent on sleeping (p = 0.61), in indoor (p = 0.26) and in 
outdoor (p = 0.39). 
Children spent 0.33 hours (SD = 0.37), 0.56 hours (SD = 0.74) and 0.78 
hours (SD = 0.69) per day on outdoor sports, playing out of doors and carrying out 
outdoor leisure activities respectively. No significant differences were found 
among boys and girls for the outdoor activities (p = 0.80 for outdoor sports, p = 
0.60 for playing out of doors and p = 0.07 for outdoor leisure activities). The mean 
total time spent outdoor per day was 0.82 hours (SD = 1.02) and boys and girls 
did not differ significantly in the total time spent outdoor (p = 0.71). 
A total of 2082 (69.7%) children lived near to a park or garden and 1096 
(53.9%) of them plays in the park or garden regularly at least once a week. A 
higher proportion of boys (56.9%) than girls (50.6%) was found to play in the 
nearby park or garden (p = 0.004). 
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Table 26. Characteristics of the Study Population by Outdoor Activity 
 
Characteristic Total  Boys Girls p* 
 n  Median n  n   
Time spent sleeping 
(hours/day) 2986 11.1 (1.8) 11.0 1558 11.1 (1.74) 1428 11.1 (1.77) 0.61 
Time spent indoors 
(hours/day) 2969 11.6 (2.2) 12.0 1552 11.5 (2.20) 1417 11.6 (2.18) 0.26 
Time spent outdoors 
(hours/day) 2973 1.35 (1.41) 1.0 1556 1.37 (1.44) 1417 1.33 (1.38) 0.39 
Hours of outdoor sports 
per day 761 0.33 (0.37) 0.21 430 0.33 (0.34) 331 0.33 (0.41) 0.80 
Hours of playing out of 
doors per day 2986 0.56 (0.74) 0.29 1558 0.57 (0.74) 1428 0.55 (0.73) 0.60 
Hours of outdoor 
leisure activities per 
day 
665 0.78 (0.69) 0.57 355 0.74 (0.60) 310 0.83 (0.78) 0.07 
Hours of total outdoor 
activity per day 2986 0.82 (1.02) 0.50 1558 0.83 (1.01) 1428 0.81 (1.04) 0.71 
Presence of nearby 
park/garden         
Yes 2082 69.7%  1098 70.4% 984 69.0% 0.38 
No 904 30.3%  461 29.6% 443 31.0%  
Child plays in 
park/garden         
Yes 1096 53.9%  604 56.9% 492 50.6% 0.004 
No 939 46.1%  458 43.1% 481 49.4%  
Data are presented as numbers and proportions or means and standard deviations. 
*p-value based on chi-square (categorical) and independent sample t test (continuous). 
  
4.2.3.2 Proportion of Children with Myopia by Outdoor Activity 
 
Myopic children spent significantly more mean time sleeping per day 
(11.5 hours; SD = 1.7 vs. 11.0 hours; SD = 1.7, p<0.001) and less mean time 
outdoor per day than non-myopia children (1.12 hours; SD = 1.11 vs. 1.38 hours; 
SD = 1.45, p<0.001) (Table 27). There was no significant difference in time spent 
indoor for children with myopia and without myopia (p = 0.16). 
Slightly less time was spent on outdoor leisure activities per day in myopic 
than non-myopic children (0.14 hours; SD = 0.35 vs. 0.18 hours; SD = 0.47, p = 
0.047). However, no significant differences in time spent on outdoor sports, time 
spent playing out of doors and total time spent outdoor per day were found 
between myopic and non-myopic children (p = 0.19 – 0.56). Neither the presence 
of nearby park or garden nor whether children play in the park or garden at least 
once weekly did not significantly affect myopia prevalence (p = 0.34 - 1.00).  
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Table 27. Proportion of Children with Myopia by Outdoor Activity 
 
Characteristic N Myopia (< -0.5 D) Non-myopia (≥ -0.5 D) p* 
  n  n   
Time spent sleeping (hours/day) 2629 299 11.5 (1.7) 2330 11.0 (1.7) <0.001 
Time spent indoors (hours/day) 2614 299 11.4 (2.1) 2315 11.6 (2.2) 0.16 
Time spent outdoors (hours/day) 2618 299 1.12 (1.11) 2319 1.38 (1.45) <0.001 
Hours of outdoor sports per day 683 65 0.35 (0.38) 618 0.33 (0.37) 0.56 
Hours of playing out of doors per day 2629 299 0.54 (0.73) 2330 0.57 (0.74) 0.52 
Hours of outdoor leisure activities per day 2629 299 0.14 (0.35) 2330 0.18 (0.47) 0.047 
Hours of total outdoor activity per day 2629 299 0.75 (0.98) 2330 0.84 (1.03) 0.19 
Presence of nearby park/garden       
Yes 1840 210 11.4% 1630 88.6% 1.00 
No 788 90 11.4% 698 88.6%  
Child plays in park/garden       
Yes 960 105 10.9% 855 89.1% 0.34 
No 832 103 12.4% 729 87.6%  
Data are presented as numbers and proportions or means and standard deviations. 
*p-value based on chi-square (categorical) and independent sample t test (continuous).  
 
4.2.3.3 Ocular Biometry and Spherical Equivalent by Outdoor Activity 
 
Based on the median cut-off time for sleeping (11.0 hours/day), indoors 
(12.0 hours/day) and outdoors (1 hour/day), the mean AL were not significantly 
different between children who spent above and below the median cut-off time for 
sleeping (p = 0.10), staying indoors (p = 0.86) and outdoors (p = 0.58) after 
controlling for age, gender, height, parental myopia and read words or picture 
books (Table 28).  
The same findings were obtained for the analysis of the differences in 
mean adjusted SER between children who spent time above and below the median 
cut-off time for sleeping (p = 0.51) and indoors (p = 0.16) per day. However, 
children who spent more time above the median cut-off time for outdoor 
demonstrated a significantly more hyperopic mean adjusted SER than children 
who spent less time (0.77 D; SEM = 0.05 vs. 0.67 D; SEM = 0.05, p = 0.043). 
Based on the median cut-off time for outdoor sports (0.21 hours/day), 
playing out of doors (0.29 hours/day), outdoor leisure activities (0.57 hours/day) 
and total outdoor, the mean adjusted AL did not significantly differ between 
children who spent more than the median cut-off time and those who spent less 
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than the median cut-off time on outdoor sports (p = 0.22), playing out of doors (p 
= 0.49), outdoor leisure activities (p = 0.93) and total outdoor (p = 0.32). The 
same results were seen in mean adjusted SER for time spent on outdoor sports (p 
= 0.49), playing out of doors (p = 0.54) and outdoor leisure activities (p = 0.83) 
except for total outdoor wherein time spent greater than the median cut-off time 
significantly increase the mean adjusted SER by 0.12 D (0.79 D; SEM = 0.05 vs. 
0.67 D; SEM = 0.06, p = 0.04). 
Whether the children lived nearby to a park or garden and played in the 
park or garden regularly at least once weekly had no relationship with the mean 
adjusted AL (p = 0.57 and p = 0.69 respectively). In addition, whether the child 
played in the park or garden did not affect the mean adjusted SER (p = 0.41). In 
contrast, children who lived nearby to a park or garden had a significantly more 
hyperopic mean adjusted SER (0.74 D; SEM = 0.04 vs. 0.64 D; SEM = 0.05, p = 
0.044) than children who did not. 
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Table 28. Ocular Biometry and Spherical Refraction by Outdoor Activity 
 
Characteristic   Axial Length (mm)  Spherical Equivalent Refraction (Diopters) 















Time spent sleeping (hours/day)          
≤ 11.0  1387 22.15 (0.72) 22.11 (0.02) 22.14 (0.04) 1617 0.71 (1.10) 0.69 (0.03) 0.72 (0.04) 
> 11.0  448 22.02 (0.79) 22.14 (0.03) 22.19 (0.05) 1012 0.65 (1.24) 0.68 (0.04) 0.69 (0.04) 
P   0.01 0.31 0.10  0.17 0.82 0.51 
Time spent indoors (hours/day)          
≤ 12.0  933 22.08 (0.74) 22.12 (0.02) 22.15 (0.04) 1580 0.69 (1.16) 0.71 (0.03) 0.73 (0.04) 
> 12.0  893 22.16 (0.74) 22.12 (0.02) 22.15 (0.04) 1034 0.67 (1.15) 0.65 (0.04) 0.66 (0.04) 
P   0.02 0.94 0.96  0.65 0.18 0.16 
Time spent outdoors (hours/day)          
≤ 1.0  1180 22.12 (0.76) 22.12 (0.02) 22.16 (0.04) 1734 0.66 (1.18) 0.66 (0.03) 0.67 (0.04) 
> 1.0  646 22.13 (0.71) 22.12 (0.03) 22.14 (0.04) 884 0.74 (1.12) 0.74 (0.04) 0.77 (0.05) 
P   0.83 0.90 0.58  0.10 0.13 0.043 
Hours of outdoor sports per day          
≤ 0.21  251 22.10 (0.69) 22.14 (0.04) 22.13 (0.09) 312 0.77 (1.03) 0.79 (0.06) 0.82 (0.09) 
> 0.21  319 22.31 (0.78) 22.23 (0.04) 22.20 (0.09) 371 0.74 (1.14) 0.74 (0.06) 0.76 (0.09) 
P   0.001 0.10 0.22  0.67 0.52 0.49 
Hours of playing out of doors 
per day          
≤ 0.29  930 22.12 (0.70) 22.12 (0.02) 22.16 (0.04) 313 0.65 (1.49) 0.65 (0.07) 0.72 (0.08) 
> 0.29  906 22.12 (0.78) 22.12 (0.02) 22.14 (0.04) 1283 0.71 (1.12) 0.72 (0.03) 0.76 (0.05) 
P   0.92 0.94 0.49  0.41 0.40 0.54 
Hours of outdoor leisure 
activities per day          
≤ 0.57  177 22.12 (0.63) 22.10 (0.05) 22.01 (0.13) 232 0.75 (0.90) 0.76 (0.07) 0.78 (0.09) 
> 0.57  253 22.11 (0.78) 22.11 (0.04) 22.00 (0.13) 357 0.72 (1.16) 0.73 (0.06) 0.76 (0.08) 
P   0.88 0.77 0.93  0.77 0.71 0.83 
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Hours of total outdoor activity 
per day          
≤ 0.5  895 22.12 (0.71) 22.12 (0.02) 22.16 (0.04) 561 0.62 (1.33) 0.62 (0.05) 0.67 (0.06) 
> 0.5  941 22.13 (0.77) 22.11 (0.02) 22.13 (0.04) 1289 0.74 (1.10) 0.74 (0.03) 0.79 (0.05) 
P   0.75 0.74 0.32  0.044 0.050 0.04 
Presence of nearby park/garden          
Yes  1290 22.12 (0.75) 22.12 (0.02) 22.14 (0.04) 1840 0.72 (1.10) 0.71 (0.04) 0.74 (0.04) 
No  545 22.12 (0.73) 22.12 (0.03) 22.16 (0.04) 788 0.62 (1.29) 0.63 (0.03) 0.64 (0.05) 
P   0.92 0.88 0.57  0.08 0.08 0.044 
Child plays in park/garden          
Yes  576 22.13 (0.72) 22.12 (0.03) 22.14 (0.05) 960 0.72 (1.12) 0.73 (0.04) 0.75 (0.04) 
No  689 22.13 (0.77) 22.13 (0.03) 22.15 (0.05) 832 0.70 (1.06) 0.70 (0.04) 0.71 (0.04) 
P   1.00 0.72 0.69  0.64 0.53 0.41 
Data are presented as means and standard deviations or standard errors. 
P-value based on linear trend test.  
*Adjusted for age, gender, height, parental myopia and read words or picture books. 
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4.2.4 Near work 
 
4.2.4.1 Characteristics of the Study Population by Near work 
 
4.2.4.1.1 Near work activities 
 
The mean time spent per day on reading and writing, colouring and 
drawing, watching TV, playing TV games, using computer, playing hand-held 
video games, performing other nearwork activities, total nearwork activities and 
diopter-hours were 0.63 hours (SD = 0.81), 0.52 hours (SD = 0.63), 1.94 hours 
(SD = 1.52), 0.87 hours (SD = 0.89), 0.73 hours (SD = 0.65), 0.88 hours (SD = 
0.88), 1.19 hours (SD = 1.40), 4.55 hours (SD = 2.86) and 2.27 hours (SD = 2.87) 
respectively (Table 29).  
Boys spent significantly more mean time per day than girls on playing TV 
games (p = 0.004), using computers (p<0.001), performing other nearwork 
activities (p<0.001), and total nearwork activities (p =0.045). However, boys spent 
less mean time per day than girls on colouring and drawing (p<0.001). No 
significant differences were found between genders for mean time spent per day 
on reading and writing (p = 0.07), watching TV (p = 0.49), playing hand-held 
video games (p = 0.14) and diopter-hours (p = 0.51). 
4.2.4.1.2 Reading Parameters 
 
There were 1804 (68.0%) children who read words alone and 2298 (77.3%) 
children who read picture books alone. A combined total of 2298 (77.3%) children 
reads words or picture books alone while 1716 (57.5%) children read both words 
and picture books alone. There were no significant differences between boy and 
girls for reading words (p = 0.19), reading picture books (p = 0.23), reading words 
or picture books (p = 0.15), and reading both words and picture books (p = 0.26). 
Furthermore, no significant differences were found between the proportion of 
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genders for reading for fun (p = 0.12) and average time read before taking a break 
(p = 0.32). Nevertheless, the frequency of reading close-to-face showed 
significant difference between boys and girls (p = 0.03). Children first started 
reading at a mean age of 2.54 years (SD = 1.19) and read an average of 5.05 books 
per week (SD = 7.64). Boys and girls did not differ in the mean age of first started 
reading (p = 0.77) and number of books read per week (p = 0.16). 
4.2.4.1.3 Preschool Activities 
 
The mean age children first started attending preschool was 2.71 years (SD 
= 0.88). 1948 (90.2%) children attended preschools. Kindergartens (36.1%) 
accounted for the major type of preschool centres attended, followed by nurseries 
(22.5%), child care centres (21.9%) and other type of preschool centres (9.7%). 
Children spent on average 5.33 hours per day (SD = 3.23) attending preschool. 
462 (15.5%) children attended tuition outside of school and clocked a mean time 
of 2.20 hour per week (SD = 2.12) for attending tuition. No significant differences 
were found between the genders for age first started attending preschool (p = 0.38), 
attending preschool (p = 0.07), attending tuition outside of school (p = 0.44) and 
time spent on tuition (p = 0.14). On the contrary, boys and girls differed in the 
type of preschools attended (p = 0.01) and boys spent significant more time in 
preschools (p = 0.01). 
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Table 29. Characteristics of the Study Population by Near work Activity 
 
Characteristic Total  Boys Girls p* 
 n  Median n  n   
Hours of reading and 
writing per day 2986 0.63 (0.81) 0.50 1558 0.61 (0.83) 1428 0.66 (0.78) 0.07 
Hours of coloring 
and drawing per day 2986 0.52 (0.63) 0.36 1558 0.46 (0.58) 1428 0.59 (0.67) <0.001 
Hours of watching 
TV per day 2986 1.94 (1.52) 1.71 1558 1.95 (1.53) 1428 1.92 (1.52) 0.49 
Hours of playing TV 
games per day 185 0.87 (0.89) 0.57 126 1.00 (1.01) 59 0.59 (0.43) 0.004 
Hours of using PC 
per day 553 0.73 (0.65) 0.50 310 0.82 (0.73) 243 0.61 (0.52) <0.001 
Hours of playing 
handheld games per 
day 
269 0.88 (0.88) 0.50 185 0.93 (0.92) 84 0.76 (0.76) 0.14 
Hours of other near 
work activities per 
day 
2986 1.19 (1.40) 0.86 1558 1.27 (1.44) 1428 1.09 (1.34) <0.001 
Hours of total near 
work activities per 
day 
2986 4.55 (2.86) 4.11 1558 4.65 (2.92) 1428 4.44 (2.79) 0.045 
Diopter-hours (3x 
Read + 2x PC use + 
2x TV games) 
2986 2.27 (2.87) 1.50 1558 2.31 (3.09) 1428 2.24 (2.60) 0.51 
Read words by 
oneself         
Yes 1804 60.8%  925 59.7% 879 62.1% 0.19 
No 1161 39.2%  624 40.3% 537 37.9%  
Read picture books 
by oneself         
Yes 2298 77.3%  1186 76.4% 1112 78.3% 0.23 
No 675 22.7%  366 23.6% 309 21.7%  
Read words or 
picture books by 
oneself 
        
Yes  2386 80.0%  1230 79.0% 1156 81.1% 0.15 
No 596 20.0%  327 21.0% 269 18.9%  
Read both words and 
picture books by 
oneself 
        
Yes 1716 57.5%  881 56.5% 835 58.6% 0.26 
No 1267 42.5%  677 43.5% 590 41.4%  
Read for fun         
Never 172 5.8%  90 5.8% 82 5.8% 0.12 
Rarely 330 11.1%  177 11.4% 153 10.8%  
Sometimes 831 28.0%  450 29.1% 381 26.8%  
Often 1107 37.3%  542 35.0% 565 39..7%  
Doesn’t 
read yet 531 17.9%  290 18.7% 241 16.9%  
Average time read 
before taking a 
break, minutes 
        
0-10 1155 50.2%  617 51.9% 538 48.3% 0.32 
11-20 694 30.1%  353 29.7% 341 30.6%  
21-30 362 15.7%  180 15.2% 182 16.3%  
31-40 30 1.3%  15 1.3% 15 1.3%  
41-50 6 0.3%  2 0.2% 4 0.4%  
51-60 43 1.9%  16 1.3% 27 2.4%  
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>60 12 0.5%  5 0.4% 7 0.6%  
Frequency of 
reading close-to-face         
Never 2079 88.2%  1073 83.0% 1006 85.0% 0.03 
Seldom 208 8.8%  112 8.7% 96 8.1%  
Often 70 3.0%  31 2.4% 39 3.3%  
Not 
applicable 120   77 6.0% 43 3.6%  
Age of first started 
reading by oneself, 
years 
2012 2.54 (1.19) 2.50 1007 2.54 (1.21) 1005 2.53 (1.16) 0.77 
Number of books 
read per week 1919 5.05 (7.64) 3.00 959 4.81 (7.46) 960 5.30 (7.80) 0.16 
Attend Tuition 
outside school         
Yes 462 15.5  249 16.0% 213 15.0% 0.44 
No 2517 84.5  1307 84.0% 1210 85.0%  
Hours of tuition 
outside school per 
week 
462 2.20 (2.12) 1.50 249 2.06 (1.53) 213 2.35 (2.64) 0.14 
Age first attended 
preschool, years 1954 2.71 (0.88) 3.00 1013 2.69 (0.87) 941 2.72 (0.90) 0.38 
Attend preschool         
Yes 1948 90.2%  1013 89.1% 935 91.4% 0.07 
No 212 9.8%  124 10.9% 88 8.6%  
Type of preschools 
attended         
Kindergarte
n 779 36.1%  407 35.8% 372 36.4% 0.01 
Nursery 487 22.5%  225 19.8% 248 24.2%  
Childcare 473 21.9%  278 24.5% 209 20.4%  
Others 209 9.7%  103 9.1% 106 10.4%  
None 212 9.8%  124 10.9% 88 8.6%  
Hour of preschool 
attended per day 1957 5.33 (3.23) 4.00 1019 5.52 (3.25) 938 5.12 (3.20) 0.01 
Data are presented as numbers and proportions or means and standard deviations. 
*p-value based on chi-square (categorical) and independent sample t test (continuous).  
 
4.2.4.2 Proportion of Children with Myopia by Near work 
 
4.2.4.2.1 Near work Activities 
 
Myopic children spent less mean time on reading and writing (p<0.001), 
colouring and drawing (p<0.001), watching TV (p = 0.003), playing TV games (p 
= 0.02) and using computers (p = 0.02) than non-myopic children (Table 30). 
However, there were no significant difference in the mean time spent per day on 
playing hand-held video games (p = 0.31) and performing other nearwork 
activities (p = 0.47) between myopic and non-myopic children. In general, myopic 
children spent less mean time on total nearwork activities per day (p<0.001) than 
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non-myopic children. Similarly, myopic children performed less mean time on 
diopter-hours per day (p<0.001) than non-myopic children.  
4.2.4.2.2 Reading Parameters 
 
The prevalence of myopia was significantly lowered in children who read 
words alone (8.6% vs. 15.7%), read picture books alone (9.6% vs. 17.2%), read 
words or picture books alone (9.9% vs. 17.7%), and read words and picture books 
alone (8.2% vs. 15.8%) than those that did not (all p<0.001). Besides, children 
who never read for fun or had not started reading had the highest prevalence of 
myopia (16.7% and 18.0% respectively) compared to those who rarely, sometimes 
or often read for fun (6 to 10.9%, p<0.001). On the contrary, the time spent 
reading before taking a break (p = 0.93) and frequency of reading close-to-face (p 
= 0.40) did not result in significant differences in the myopic prevalence between 
myopic and non-myopic children. On average, myopic children significantly 
started reading at an earlier age (2.2 years; SD = 1.04 vs. 2.6 years; SD = 1.2, 
p<0.001) than non-myopic children. However, there was no significant difference 
in the number of books read per week (p = 0.09) by myopic and non-myopic 
children. 
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4.2.4.2.3 Preschool Activities 
 
Myopic children significantly started attending preschool at an earlier age 
than non-myopic children (2.55 years; SD =0.83 vs. 2.73 years; SD = 0.87, p = 
0.01) but spent less time in preschool per day (4.81 hours; SD = 3.23 vs. 5.43 
hours; SD = 3.23, p = 0.02). Furthermore, myopia prevalence significantly 
differed among groups of children who attended different type of preschools 
(p<0.001). Children who attended tuition outside of school had significantly 
lowered prevalence of myopia (p = 0.03) than those who did not. Nevertheless, 
time spent on tuition did not significantly differ between myopic and non-myopic 
children (p = 0.11). 
Table 30. Proportion of Children with Myopia by Near work Activity 
 
Characteristic N Myopia (< -0.5 D) Non-myopia (≥ -0.5 D) p* 
  n  n   
Hours of reading and writing per 
day 
2629 299 0.49 (0.72) 2330 0.66 (0.83) <0.001 
Hours of coloring and drawing 
per day 
2629 299 0.40 (0.50) 2330 0.55 (0.64) <0.001 
Hours of watching TV per day 2629 299 1.72 (1.58) 2330 2.00 (1.54) 0.003 
Hours of playing TV games per 
day 
2629 299 0.02 (0.21) 2330 0.06 (0.31) 0.02 
Hours of using PC per day 2629 299 0.09 (0.34) 2330 0.14 (0.40) 0.02 
Hours of playing handheld 
games per day 
2629 299 0.06 (0.31) 2330 0.08 (0.35) 0.31 
Hours of other near work 
activities per day 
2629 299 1.25 (1.48) 2330 1.19 (1.39) 0.47 
Hours of total near work 
activities per day 
2629 299 4.03 (2.74) 2330 4.68 (2.86) <0.001 
Diopter-hours per day (3x Read 
+ 2x PC use + 2x TV games) 2629 
299 1.70 (2.59) 2330 2.38 (2.92) <0.001 
Read words by oneself       
Yes 1613 139 8.6% 1474 91.4% <0.001 
No 994 156 15.7% 838 84.3%  
Read picture books by oneself       
Yes 2037 196 9.6% 1841 90.4%. <0.001 
No 581 100 17.2% 481 82.8%  
Read words or picture books by 
oneself       
Yes  2113 209 9.9% 1904 90.1% <0.001 
No 514 91 17.7% 423 82.3%  
Read both words and picture 
books by oneself       
Yes 1537 126 8.2% 1411 91.8% <0.001 
No 1088 172 15.8% 916 84.2%  
Read for fun       
Never 138 23 16.7% 115 83.3% <0.001 
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Rarely 302 18 6.0% 284 94.0%  
Sometimes 751 67 8.9% 684 91.1%  
Often 971 106 10.9% 865 89.1%  
Doesn’t read yet 456 82 18.0% 374 16.1%  
Average time read before taking 
a break, minutes       
0-10 1020 99 9.7% 921 90.3% 0.93 
11-20 622 60 9.6% 562 90.4%.  
21-30 322 28 8.7% 294 91.3%  
31-40 28 3 10.7% 25 89.3%  
41-50 5 1 20.0% 4 80.0%  
51-60 40 4 10.0% 36 90.0%  
>60 11 2 18.2% 9 81.8%  
Frequency of read close-to-face 
reading       
Never 1841 173 9.4% 1668 90.6% 0.40 
Seldom 188 18 9.6% 170 90.4%  
Often 63 10 15.9% 53 84.1%  
Not applicable 100 10 10.0% 90 90.0%  
Age of first started reading by 
oneself, years 1798 
171 2.20 (1.04) 1627 2.60 (1.20) <0.001 
Number of books read per week 1720 165 5.90 (7.74) 1555 4.87 (7.44) 0.09 
Attend tuition outside school       
Yes 415 34 8.2% 381 91.8% 0.03 
No 2224 267 12.0% 1957 88.0%  
Hours of tuition outside school 
per week 415 
34 2.79 (3.41) 381 2.17 (2.05) 0.11 
Attend preschool       
Yes 1744 157 9.0% 1587 91.0% 0.12 
No 166 21 12.7% 145 87.3%  
Age first attended preschool, 
years 1749 
158 2.55 (0.83) 1591 2.73 (0.87) 0.01 
Type of preschools attended       
Kindergarten 708 52 7.3% 656 92.7% <0.001 
Nursery 446 34 7.6% 412 92.4%  
Childcare 409 37 9.0% 372 91.0%  
Others 181 34 18.8% 147 81.2%  
None 166 21 12.7% 145 87.3%  
Hour of preschool attended per 
day 1752 
158 4.81 (3.23) 1594 5.43 (3.23) 0.02 
Data are presented as numbers and proportions or means and standard deviations. 
*p-value based on chi-square (categorical) and independent sample t test (continuous). 
 
4.2.4.3 Ocular Biometry and Spherical Equivalent by Nearwork 
 
4.2.4.3.1 Near work Activities 
 
After adjusting for age, gender, height, parental myopia and total time 
spent outdoor, there were no significant difference in the mean AL between 
children who spent above the median cut-off time per day on reading and writing 
(p = 0.70), colouring and drawing (p = 0.33), watching TV (p = 0.71), playing TV 
games (p = 0.77), using computers (p = 0.45), playing hand-held video games (p = 
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0.82), performing other nearwork activities (p = 0.97) than children who spend 
below the median cut-off time per day (Table 31). As expected, the total time 
spent on nearwork activities and diopter-hours per day had no relationship with 
the mean adjusted AL (p = 0.68 and p = 0.82 respectively). 
Out of the examined nearwork activities, time spent on reading and writing 
(p = 0.14), colouring and drawing (p = 0.99), playing TV games (p = 0.43), using 
computers (p = 0.86), playing hand-held games (p = 0.34) and performing other 
nearwork activities (p = 0.26) had no influence on the mean SER after controlling 
for the same covariates (age, gender, height, parental myopia and total time spent 
outdoor). On the contrary, children who spent more time per day than the median 
cut-off time for watching TV had a more hyperopic mean adjusted SER than those 
who spent less time (0.74 D; SD = 0.03 vs. 0.64 D; SD = 0.03, p = 0.02). In 
general, children who spent more time per day than the median cut-off time on 
total nearwork activities and diopter-hours had a more hyperopic mean adjusted 
SER (both p = 0.04). 
4.2.4.3.2 Reading Parameters 
 
Whether the children read words alone (p = 0.21), read picture books alone 
(p = 0.09), read words or picture books alone (0.36), and read words and picture 
books alone (p= 0.66) had no significant effect on the mean adjusted AL after 
controlling for age, gender, height, parental myopia and total time spent outdoor. 
Similarly, how often the children read for fun (p = 0.13), the average time read 
before taking a break (p = 0.12) and the frequency of reading close-to-face (p = 
0.91) did not significantly influence the mean adjusted AL. In addition, children 
who started reading at an earlier age than the median cut-off age and children read 
more books per week than the median cut-off for number of books had no 
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significant different in mean adjusted AL than those who started at a later age (p = 
0.87) and read less books (p = 0.14) respectively. 
The same lack of association were obtained for the analysis of mean 
adjusted SER for reading parameters (read words alone; p = 0.58, read picture 
books alone; p = 0.90, read words or picture books alone; p = 0.44, read words 
and picture books alone; p = 0.88, reading for fun; p = 0.84, average read before 
taking a break; p = 0.11 and frequency of reading close-to-face; p = 0.50). 
Moreover, children who started reading at an earlier age than the median cut-off 
age and children read more books per week than the median cut-off for number of 
books had no significant differences in mean adjusted SER than those who started 
reading  at a later age (p = 0.14) and those read less books (p = 0.92) respectively. 
4.2.4.3.3 Preschool Activities 
 
The time spent in preschool was the sole factor that influence AL; children 
who attended more hours per day than the median cut-off time had a shorter mean 
adjusted AL than those who spent less time (22.09 mm; SEM = 0.03 vs. 22.17 mm; 
SD = 0.02, p = 0.01). On the other hand, whether children attended preschool (p = 
0.61) and the type of preschools attended (p = 0.23) had no significant influence 
on the mean adjusted AL. In addition, children who attended preschool at an 
earlier age than the median cut-off age did not significantly differ in the mean 
adjusted AL than those who attended preschool at a later age (p = 0.63). Besides, 
whether children attended tuition outside of school (p = 0.27) or spent greater 
hours per week on tuition than the median cut-off time (p = 0.14) had no effect on 
the mean adjusted AL. 
The mean adjusted SER was not associated with any of the preschool 
parameters (attended preschool; p = 0.33, age first started preschool by median 
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cut-off; p = 0.11, type of preschool attended; p = 0.45, hours of preschool per day 
by median cut-off; p = 0.26, attend tuition outside of school; p = 0.90, and hours 
of tuition per week by median cut-off; p = 0.28). 
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Table 31. Ocular Biometry and Spherical Refraction by Near work Activity 
 
Characteristic   Axial Length (mm)  Spherical Equivalent Refraction (Diopters) 













Hours of reading and writing per day          
≤ 0.5  865 22.04 (0.72) 22.09 (0.02) 22.10 (0.02) 1616 0.65 (1.19) 0.67 (0.03) 0.66 (0.03) 
> 0.5  971 22.19 (0.76) 22.14 (0.02) 22.12 (0.02) 1013 0.75 (1.09) 0.72 (0.04) 0.74 (0.04) 
P   <0.001 0.18 0.70  0.03 0.36 0.14 
Hours of coloring and drawing per 
day          
≤ 0.36  650 22.08 (0.72) 22.09 (0.03) 22.10 (0.03) 1320 0.66 (1.16) 0.70 (0.03) 0.69 (0.03) 
> 0.36  1186 22.14 (0.76) 22.13 (0.02) 22.13 (0.02) 1309 0.71 (1.16) 0.68 (0.03) 0.69 (0.03) 
P   0.10 0.21 0.33  0.31 0.80 0.99 
Hours of watching TV per day          
≤ 1.71  770 22.09 (0.76) 22.11 (0.02) 22.11 (0.02) 1282 0.63 (1.24) 0.64 (0.03) 0.64 (0.03) 
> 1.71  1066 22.14 (0.73) 22.12 (0.02) 22.12 (0.02) 1347 0.74 (1.07) 0.74 (0.03) 0.74 (0.03) 
P   0.14 0.68 0.71  0.009 0.04 0.02 
Hours of playing TV games per day          
≤ 0.57  79 22.25 (0.71) 22.22 (0.07) 22.23 (0.07) 79 0.87 (0.62) 0.91 (0.09) 0.91 (0.09) 
> 0.57  88 22.39 (0.69) 22.19 (0.07) 22.20 (0.07) 83 0.94 (0.91) 1.01 (0.09) 1.01 (0.09) 
P   0.20 0.77 0.77  0.57 0.40 0.43 
Hours of using PC per day          
≤ 0.5  279 22.18 (0.75) 22.22 (0.04) 22.23 (0.04) 282 0.75 (0.99) 0.76 (0.06) 0.78 (0.06) 
> 0.5  220 22.41 (0.65) 22.29 (0.04) 22.27 (0.04) 213 0.78 (0.82) 0.79 (0.07) 0.80 (0.06) 
P   <0.001 0.22 0.45  0.78 0.75 0.86 
Hours of playing handheld games per 
day          
≤ 0.5  115 22.38 (0.90) 22.31 (0.07) 22.31 (0.07) 121 0.64 (1.29) 0.64 (0.10) 0.64 (0.11) 
> 0.5  117 22.40 (0.68) 22.26 (0.07) 22.29 (0.07) 115 0.79 (0.84) 0.79 (0.11) 0.78 (0.11) 
P   0.83 0.61 0.82  0.28 0.31 0.34 
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Hours of other near work activities 
per day          
≤ 0.86  961 22.13 (0.76) 22.12 (0.02) 22.12 (0.02) 1315 0.68 (1.24) 0.68 (0.03) 0.67 (0.03) 
> 0.86  875 22.11 (0.73) 22.11 (0.02) 22.12 (0.02) 1314 0.69 (1.07) 0.70 (0.03) 0.72 (0.03) 
P   0.40 0.68 0.97  0.80 0.59 0.26 
Hours of total near work activities 
per day          
≤ 4.11  747 22.06 (0.74) 22.10 (0.02) 22.11 (0.02) 1315 0.64 (1.26) 0.66 (0.03) 0.64 (0.03) 
> 4.11  1089 22.17 (0.74) 22.13 (0.02) 22.12 (0.02) 1314 0.73 (1.04) 0.72 (0.03) 0.74 (0.03) 
P   0.002 0.48 0.68  0.04 0.16 0.04 
Diopter-hours (3x Read + 2x PC use 
+ 2x TV games)          
≤ 1.5  705 21.99 (0.71) 22.09 (0.03) 22.11 (0.03) 1450 0.63 (1.23) 0.65 (0.03) 0.64 (0.03) 
> 1.5  1131 22.20 (0.75) 22.13 (0.02) 22.12 (0.02) 1179 0.75 (1.05) 0.73 (0.04) 0.76 (0.04) 
P   <0.001 0.21 0.82  0.007 0.13 0.04 
Read words by oneself          
Yes  1557 22.18 (0.73) 22.13 (0.02) 22.13 (0.02) 1613 0.71 (1.16) 0.66 (0.03) 0.68 (0.03) 
No  276 21.82 (0.73) 22.05 (0.04) 22.07 (0.04) 994 0.65 (1.15) 0.73 (0.05) 0.72 (0.05) 
P   <0.001 0.07 0.21  0.25 0.28 0.58 
Read picture books by oneself          
Yes  1699 22.13 (0.74) 22.11 (0.02) 22.11 (0.02) 2037 0.69 (1.15) 0.68 (0.03) 0.69 (0.03) 
No  137 22.01 (0.71) 22.17 (0.06) 22.21 (0.06) 581 0.66 (1.17) 0.73 (0.06) 0.70 (0.06) 
P   0.06 0.30 0.09  0.50 0.39 0.90 
Read words or picture books by 
oneself          
Yes   1764 22.13 (0.74) 22.12 (0.02) 22.11 (0.02) 2113 0.69 (1.15) 0.67 (0.03) 0.68 (0.03) 
No  72 21.88 (0.78) 22.13 (0.08) 22.18 (0.08) 514 0.67 (1.20) 0.78 (0.06) 0.74 (0.06) 
P   0.004 0.85 0.36  0.80 0.11 0.44 
Read both words and picture books 
by oneself          
Yes  1492 22.18 (0.74) 22.13 (0.02) 22.12 (0.02) 1537 0.72 (1.17) 0.68 (0.03) 0.70 (0.03) 
No  344 21.88 (0.71) 22.08 (0.04) 22.10 (0.04) 1088 0.64 (1.14) 0.70 (0.04) 0.69 (0.04) 
P   <0.001 0.30 0.66  0.12 0.73 0.88 
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Read for fun          
Never  66 22.12 (0.64) 22.21 (0.08) 22.24 (0.08) 138 0.62 (0.96) 0.67 (0.10) 0.64 (0.10) 
Rarely  242 22.19 (0.77) 22.14 (0.04) 22.14 (0.04) 302 0.73 (1.02) 0.71 (0.07) 0.71 (0.07) 
Sometimes  634 22.10 (0.74) 22.08 (0.03) 22.08 (0.03) 751 0.72 (1.13) 0.70 (0.04) 0.71 (0.04) 
Often  828 22.14 (0.73) 22.14 (0.02) 22.13 (0.02) 971 0.68 (1.21) 0.66 (0.04) 0.68 (0.04) 
Doesn’t read yet  62 21.74 (0.74) 22.05 (0.08) 22.07 (0,08) 456 0.63 (1.22) 0.71 (0.06) 0.68 (0.06) 
P   0.003 0.15 0.13  0.92 0.89 0.84 
Average time read before taking a 
break, minutes          
0-10  756 22.09 (0.72) 22.11 (0.02) 22.12 (0.02) 1020 0.71 (1.00) 0.73 (0.04) 0.74 (0.04) 
11-20  562 22.14 (0.77) 22.12 (0.03) 22.11 (0.03) 622 0.67 (1.40) 0.65 (0.05) 0.66 (0.05) 
21-30  306 22.22 (0.74) 22.18 (0.04) 22.18 (0.04) 322 0.73 (1.00) 0.70 (0.07) 0.70 (0.07) 
31-40  28 21.92 (0.76) 21.86 (0.12) 21.87 (0.12) 28 0.75 (1.57) 0.71 (0.22) 0.68 (0.22) 
41-50  4 22.45 (1.05) 22.22 (0.32) 22.22 (0.32) 5 0.18 (0.79) 0.13 (0.51) 0.18 (0.51) 
51-60  38 22.26 (0.71) 22.26 (0.11) 22.23 (0.10) 40 0.87 (1.17) 0.81 (0.18) 0.84 (0.18) 
>60  9 22.48 (0.59) 22.54 (0.22) 22.42 (0.21) 11 0.11 (1.42) 0.12 (0.35) 0.14 (0.34) 
P   0.06 0.04 0.12  0.12 0.09 0.11 
Frequency of read close-to-face 
reading          
Never  1507 22.12 (0.74) 22.12 (0.02) 22.12 (0.02) 1841 0.72 (1.16) 0.72 (0.03) 0.73 (0.03) 
Seldom  169 22.21 (0.64) 22.15 (0.05) 22.13 (0.05) 188 0.66 (0.84) 0.64 (0.08) 0.66 (0.08) 
Often  55 22.42 (1.06) 22.38 (0.09) 22.34 (0.09) 63 0.12 (2.23) 0.07 (0.14) 0.07 (0.14) 
Not applicable  14 21.90 (0.85) 22.03 (0.17) 22.07 (0.17) 100 0.72 (1.08) 0.87 (0.12) 0.83 (0.12) 
P   0.48 0.94 0.91  0.15 0.78 0.50 
Age of first started reading by 
oneself, years         
 
≤ 2.5  682 22.00 (0.72) 22.13 (0.03) 22.13 (0.03) 980 0.63 (1.31) 0.65 (0.04) 0.67 (0.04) 
> 2.5  1062 22.22 (0.74) 22.13 (0.02) 22.13 (0.02) 1223 0.76 (0.99) 0.74 (0.03) 0.74 (0.03) 
P   <0.001 0.93 0.87  0.01 0.06 0.14 
Number of books read per week          
≤ 3.0  884 22.16 (0.72) 22.14 (0.02) 22.15 (0.02) 1047 0.73 (1.04) 0.72 (0.04) 0.71 (0.04) 
> 3.0  862 22.11 (0.76) 22.12 (0.02) 22.10 (0.02) 1157 0.68 (1.23) 0.69 (0.03) 0.71 (0.03) 
P   0.17 0.45 0.14  0.31 0.60 0.92 
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Attend tuition outside school          
Yes  430 22.34 (0.69) 22.17 (0.03) 22.15 (0.03) 415 0.72 (1.23) 0.67 (0.06) 0.69 (0.06) 
No  1403 22.06 (0.75) 22.10 (0.02) 22.11 (0.02) 2224 0.68 (1.14) 0.69 (0.03) 0.69 (0.03) 
P   <0.001 0.08 0.27  0.50 0.71 0.90 
Hours of tuition outside school per 
week          
≤ 1.5  223 22.33 (0.70) 22.18 (0.04) 22.18 (0.04) 219 0.65 (1.41) 0.60 (0.08) 0.61 (0.08) 
> 1.5  1610 22.09 (0.74) 22.11 (0.02) 22.11 (0.02) 2403 0.69 (1.13) 0.69 (0.02) 0.70 (0.02) 
P   <0.001 0.13 0.14  0.65 0.26 0.28 
Attend preschool          
Yes  1680 22.15 (0.74) 22.14 (0.02) 22.14 (0.02) 1744 0.70 (1.19) 0.69 (0.03) 0.70 (0.03) 
No  33 21.81 (0.74) 22.21 (0.12) 22.19 (0.11) 166 0.66 (0.92) 0.86 (0.11) 0.81 (0.11) 
P   0.009 0.56 0.61  0.66 0.12 0.33 
Age first attended preschool, years          
≤ 3.0  1276 22.12 (0.72) 22.12 (0.02) 22.11 (0.02) 1367 0.66 (1.20) 0.63 (0.03) 0.65 (0.03) 
> 3.0  557 22.13 (0.78) 22.11 (0.03) 22.13 (0.03) 1259 0.71 (1.11) 0.75 (0.03) 0.73 (0.04) 
P   0.84 0.71 0.63  0.30 0.02 0.11 
Type of preschools attended          
Kindergarten  755 22.34 (0.73) 22.13 (0.03) 22.13 (0.03) 708 0.78 (1.07) 0.73 (0.05) 0.74 (0.05) 
Nursery  389 22.05 (0.74) 22.09 (0.03) 22.08 (0.03) 446 0.73 (1.26) 0.75 (0.06) 0.76 (0.06) 
Childcare  420 21.98 (0.71) 22.16 (0.03) 22.16 (0.03) 409 0.67 (1.18) 0.68 (0.06) 0.68 (0.06) 
Others  116 21.90 (0.68) 22.25 (0.07) 22.24 (0.06) 181 0.41 (1.43) 0.47 (0.09) 0.49 (0.09) 
None  33 21.81 (0.74) 22.22 (0.12) 22.21 (0.12) 166 0.66 (0.92) 0.79 (0.11) 0.75 (0.11) 
P   <0.001 0.21 0.23  0.01 0.67 0.45 
Hour of preschool attended per day          
≤ 4.0  1085 22.19 (0.76) 22.18 (0.02) 22.17 (0.02) 1095 0.69 (1.17) 0.68  (0.04) 0.69 (0.04) 
> 4.0  597 22.09 (0.71) 22.09 (0.03) 22.09 (0.03) 659 0.72 (1.22) 0.74 (0.05) 0.76 (0.05) 
P   0.014 0.007 0.01  0.62 0.32 0.26 
Data are presented as means and standard deviations or standard errors. 
P-value based on linear trend test.  
*Adjusted for age, gender, height, parental myopia and total time spent outdoor.  
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4.2.5 Family History, Near Work, Outdoor Activity, and Myopia in 
Singapore Chinese Preschool Children 
 
4.2.5.1 Association with Myopia 
 
Based on the univariate results obtained so far, multiple logistic models 
were performed to achieve the best multiple model for the risk factors for myopia. 
The model (Table 32) adjusted for familial clusters and all factors in the model 
which comprised age, gender, height, total time spent outdoors and reading words 
or picture books , and myopia was defined as SER at least -0.5 D. 
The analysis demonstrated that younger age and parental myopia were the 
most significant risk factors for myopia in the study population. Children who 
were older by a month had a significant lowered risk of myopia by 0.97 fold 
compared to children who were younger (95% CI (0.95, 0.99), p = 0.01). Children 
who had two myopic parents had an almost two-fold higher risk of myopia 
compared with children with no myopic parents (OR = 1.91; 95% CI (1.38, 2.63), 
p<0.001). 
In contrast, boys compared to girls, (OR = 1.02; 95% CI (0.79, 1.31), p = 
0.91), children who were taller by 1 cm compared to shorter ones (OR = 1.02; 
95% CI (0.98, 1.05), p = 0.34), children with one myopic parent compared to 
those with no myopic parents (OR = 1.04; 95% CI (0.75, 1.46), p = 0.81), children 
who spent an hour per day more outdoors compared to those who spent less (OR = 
0.95; 95% CI (0.85, 1.07), p = 0.44) and children who read words or picture books 
alone compared to those who did not (OR = 0.80; 95% CI (0.56, 1.15), p =0.23), 
did not significantly differ for the odds of getting myopia. 
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Table 32. Risk factors Associated with Myopia among Singapore Chinese Preschool Children 
*Model has adjusted for familial clusters and all other factors in the table. 
4.2.5.2 Association with Spherical Equivalent 
 
Similar analyses were conducted to examine the best linear regression 
model for the risk factors for SER. The model (Table 33) adjusted for familial 
clusters and all factors which comprised age, gender, height, total time spent 
outdoors and reading words or picture books. 
Based on the best model, age, height and children with two myopic parents 
contributed the most significant changes to the SER. For each increase in age by 1 
month, the SER increased by 0.01 D (95% CI (0.00, 0.02), p<0.001). The SER 
also decreased by 0.01 D for each 1 cm taller height (95% CI (-0.02, 0.00), p = 
0.01). The SER was significantly lower by 0.35 D (95% CI (-0.47, -0.22), p<0.001) 
in children with two myopic parents versus no myopic parents. 
However, with all other factors being equal, the SER was more hyperopic 
in girls by 0.07 D (95% CI (-0.02, 0.16), p = 0.12) compared to boys which 
although it was not significant. The SER for children with one myopic parent 
versus no myopic parents decreased by 0.11 D (95% CI (-0.22, 0.00), p = 0.054), 
but this association was only of borderline significance. Each hour per day spent 
in outdoors appeared to increase the SER (Regression coefficient = 0.03 D; 95% 
CI (0.00, 0.07), p =0.07) and children who read words or picture books alone 
compared to those who did not, seemed to have decreased SER (Regression 
 Myopia at least -0.5 D 
 
Multivariate  Odds 
Ratio* 
95% Confidence Interval P 
Age (month) 0.97 0.95 0.99 0.01 
Girl versus boy 1.02 0.79 1.31 0.91 
Height (cm)  1.02 0.98 1.05 0.34 
One myopic parent versus no myopic parents 1.04 0.75 1.46 0.81 
Two myopic parents versus no myopic parents 1.91 1.38 2.63 <0.001 
Time spent Outdoors (hours/day) 0.95 0.85 1.07 0.44 
Read words or pictures (yes versus no) 0.80 0.56 1.15 0.23 
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coefficient = -0.06 D; 95% CI (-0.20, 0.09), p =0.47). Nonetheless, these findings 
were not significant. 
Table 33. Risk Factors Associated with Spherical Equivalent Refraction among Singapore 
Chinese Preschool Children 
 







Age (month) 0.01 0.00 0.02 <0.001 
Girl versus boy 0.07 -0.02 0.16 0.12 
One myopic parent versus no myopic parents -0.11 -0.22 0.00 0.054 
Two myopic parents versus no myopic parents -0.35 -0.47 -0.22 <0.001 
Height (cm) -0.01 -0.02 0.00 0.01 
Time spent Outdoors (hours/day)  0.03 0.00 0.07 0.07 
Read words or pictures  (yes versus no) -0.06 -0.20 0.09 0.47 
R2 0.02    
*Model has adjusted for familial clusters and all other factors in the table. 
4.2.5.3 Association with Axial Length 
 
The same analyses were performed to investigate the best linear regression 
model for the risk factors for AL. The model (Table 34) adjusted for familial 
clusters and all factors which comprised age, gender, height, total time spent 
outdoors and reading words or picture books. 
Based on this model, age, gender, height and children with two myopic 
parents were contributing the most significant changes to the AL. For each 
increase in age by 1 month, the AL increased by 0.01 mm (95% CI (0.00, 0.01), 
p<0.001). All things being equal, girls had a shorter AL than boys by 0.45 mm 
(95% CI (-0.51, -0.39), p<0.001). The AL also increased by 0.02 D for each 1 cm 
taller height (95% CI (0.02, 0.03), p<0.001). Similarly, the AL was significantly 
increased by 0.16 mm (95% CI (0.08, 0.24), p<0.001) in children with two 
myopic parents versus no myopic parents. 
In contrast, the AL for children with one myopic parent versus no myopic 
parents increased by 0.07 mm (95% CI (-0.01, 015), p = 0.09), but this association 
was not significant. Each hour per day spent in outdoors appeared to increase the 
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AL (Regression coefficient = 0.02 mm; 95% CI (-0.01, 0.05), p =0.21) and 
children who read words or picture books alone compared to those who did not, 
seemed to have decreased AL (Regression coefficient = -0.07 mm; 95% CI (-0.23, 
0.09), p =0.40). However, these findings were not statistically significant. 
Table 34. Factors predictive of Axial Length among Singapore preschool children 
 
 Axial Length (mm) 
 Regression Coefficient* 
95% Confidence 
Interval P 
Age (month) 0.01 0.00 0.01 <0.001 
Girl versus boy -0.45 -0.51 -0.39 <0.001 
One myopic parent versus no myopic parents 0.07 -0.01 0.15 0.09 
Two myopic parents versus no myopic parents 0.16 0.08 0.24 <0.001 
Height (cm) 0.02 0.02 0.03 <0.001 
Time spent Outdoors (hrs/day) 0.02 -0.01 0.05 0.21 
Read words or pictures  (yes versus no) -0.07 -0.23 0.09 0.40 
R2 0.27    
*Model has adjusted for familial clusters and all other factors in the table. 
4.2.6 Parental History of Smoking 
 
4.2.6.1 Characteristics of the Study Population by Parental History of 
Smoking 
 
There were 1100 (37.1%) children whose fathers have a history of 
smoking.  Based on smoking status, 878 (29.6%) fathers are current smokers and 
222 (7.5%) fathers were past smokers. In total, 1862 (62.9%) fathers have never 
smoked (Table 35). In addition, 948 (32.1%) children had fathers who ever 
smoked during their life and on average, the fathers smoked a mean of 3.32 years 
(SD = 1.58) during their children’s life. Qualitatively, 28.2%, 38.0% and 33.7% of 
the fathers smoked < 6 cigarettes, 7 to 12 cigarettes and > 13 cigarettes per day 
respectively. Boys and girls do not differ for any of the fathers’ smoking 
parameters (ever smoked; p = 0.70, smoking status; p = 0.83, smoked during 
child’s life; p = 0.64, years smoked during child’s life; p = 0.77 and number of 
cigarettes smoked per day; p = 0.75). 
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There were 272 (9.2%) children whose mothers have a history of smoking.  
Based on smoking status, 171 (5.8%) mothers are current smokers and 101 (3.4%) 
mothers were past smokers. In total, 2696 (90.8%) mothers have never smoked. In 
addition, 197 (32.1%) children had mothers who ever smoked during their life and 
on average, the mothers smoked a mean of 3.01 years (SD = 1.58) during their 
children’s life. Quantitatively, 55.7%, 34.3% and 10.0% of the mothers smoked < 
6 cigarettes, 7 to 12 cigarettes and > 13 cigarettes per day respectively. Boys and 
girls did not differ for any of the mother’s smoking parameters (ever smoked; p = 
0.51, smoking status; p = 0.81, smoked during child’s life; p = 0. 47, years 
smoked during child’s life; p = 0.63 and cigarettes smoked per day; p = 0.52). 
Table 35. Characteristics of the Study Population by Parental Smoking 
 
Characteristic Total  Boys Girls p* 
 n  Median n  n   
Father ever smoked         
Yes 1100 37.1%  569 36.8% 531 37.5% 0.70 
No 1862 62.9%  977 63.2% 885 62.5%  
Father’s smoking 
status         
Current 878 29.6%  451 29.2% 427 30.2% 0.83 
Past 222 7.5%  118 7.6% 104 7.3%  
Never 1862 62.9%  977 63.2% 885 62.5%  
Father smoked 
during child’s life         
Yes 948 32.1%  489 31.7% 459 32.5% 0.64 
No 2006 67.9%  1053 68.3% 953 67.5%  
Number of years 
father smoked 
during child’s life 




smokes per day         
<6 289 28.2%  144 27.2% 145 29.3% 0.75 
7-12 390 38.0%  205 38.7% 185 37.4%  
>13 346 33.7%  181 34.2% 165 33.3%  
Mother ever 
smoked         
Yes 272 9.2%  137 8.8% 135 9.5% 0.51 
No 2696 90.8%  1414 91.2% 1282 90.5%  
Mother’s smoking 
status         
Current 171 5.8%  86 5.5% 85 6.0% 0.81 
Past 101 3.4%  51 3.3% 50 3.5%  
Never 2696 90.8%  1414 91.2% 1282 90.5%  
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Mother smoked 
during child’s life         
Yes 197 6.6%  98 6.3% 99 7.0% 0.47 
No 2768 93.4%  1451 93.7% 1317 93.0%  
Number of years 
mother smoked 
during child’s life 




smokes per day         
<6 151 55.7%  80 58.4% 71 53.0% 0.52 
7-12 93 34.3%  46 33.6% 47 35.1%  
>13 27 10.0%  11 8.0% 16 11.9%  
Parents ever 
smoked         
Two 221 7.4%  110 7.1% 111 7.8% 0.75 
One 930 31.3%  486 31.3% 444 31.2%  
None 1824 61.3%  957 61.6% 867 61.0%  
Ever smoked by 
either parent         
Yes 1151 38.7%  596 38.4% 555 39.0% 0.72 
No 1824 61.3%  957 61.6% 867 61.0%  
Smoking status by 
either parent         
Current 906 30.5%  468 30.1% 438 30.8% 0.92 
Past 245 8.2%  128 8.2% 117 8.2%  
Never 1824 61.3%  957 61.6% 867 61.0%  
Parents smoked 
during child’s life         
Two 157 5.3%  77 4.9% 80 5.6% 0.69 
One 831 27.9%  433 27.8% 398 28.0%  
None 1991 66.8%  1047 67.2% 944 66.4%  
Smoked during 
child’s life by either 
parent 
        
Yes 998 33.2%  510 32.8% 478 33.6% 0.62 




        
Yes 64 2.2%  29 1.9% 35 2.5% 0.27 
No 2895 97.8%  1513 98.1% 1382 97.5%  
Cigarettes smoked 
per day while 
pregnant 
51 6.6 (5.2) 5.0 21 6.3 (5.5) 30 6.8 (5.0) 0.75 
Data are presented as numbers and proportions or means and standard deviations. 
*p-value based on chi-square (categorical) and independent sample t test (continuous).  
 
By lumping father and mother together as one parent category, there were 
221 (7.4%) children with both parents ever smoked, 930(31.3%) children with one 
parent ever smoked and 1824 (61.3%) children with parents who have never 
smoked. 1151 (38.7%) children had at least one parent who had ever smoked. 
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Based on smoking status and counting at least one parent who smoked, there were 
906 (30.5%) children had parents who currently smoked and 245 (8.2%) children 
whose parents were past smokers. 157 (5.3%) children, 831 (27.9%) children and 
1991 (66.8%) children had two parents, one parent and zero parents who smoked 
during the children’s life respectively; 998 (33.2%) children had at least one 
parent who ever smoked during their life. Boys and girls did not differ for any of 
the parental smoking parameters (ever smoked; p = 0.75, at least one parent ever 
smoked; p = 0.72, smoking status; p = 0.92, number of parents who smoked 
during child’s life; p = 0.69 and at least one parent smoked during child’s life; p = 
0.62) 
64 mothers ever smoked during pregnancy and they smoked an average of 
6.6 cigarettes (SD = 5.2) per day. There were no significant difference among the 
genders for mother ever smoked during pregnancy (p = 0.27) and the mean 
number of cigarettes smoked during pregnancy (p = 0.75). 
4.2.6.2 Proportion of Children with Myopia by Parental History of Smoking 
 
The proportion of children with myopia was significantly less among those 
whose fathers ever smoked compared to those whose fathers never smoke (9.6% 
vs. 12.4%, p = 0.03) (Table 36). In addition, among the children whose fathers 
smoked ever during their life, the fathers smoked an average of 2.61 years (SD = 
1.53) in those who were myopic compared to 3.44 (SD = 1.56) years in those who 
were non-myopic (p<0.001). On the contrary, father’s smoking status (p = 0.08), 
whether father smoked during child’s life (p = 0.07) and the number of cigarettes 
father smoked per day (p = 0.84) did not elicit any differences in the prevalence of 
myopia. 
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The proportion of children with myopia was significantly less than among 
those whose mothers ever smoked compared to those whose mothers never 
smoked (7.6% vs. 11.8%, p = 0.047) (Table 36). Similarly, the prevalence of 
myopia was lower in children whose mothers ever smoked during their children’s 
life compared to those whose mothers never smoked during their children’s life 
(6.0% vs. 11.8%, p = 0.02).(Figure 17) In addition, among the children whose 
mothers ever smoked during their life, the mothers smoked an average of 1.93 
years (SD = 1.21) in those who were myopic compared to 3.03 years (SD = 1.55) 
in those who were non-myopic (p<0.001). On the contrary, mother’s smoking 
status (p = 0.13) and the number of cigarettes mother smoked per day (p = 0.48) 
did not result in any differences in the prevalence of myopia. 
 
Figure 17. Prevalence of Myopia among Children whose Mothers ever Smoked during the 
Child’s Life 
 
Generally, all the parental smoking parameters were found to be 
significantly associated with the prevalence of myopia. The prevalence of myopia 
in children decreased with increasing number of parents who ever smoked (12.6% 
for parents who never smoked, 9.8% for one parent ever smoked and 7.9% for two 
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parents ever smoked, p = 0.03). Comparing children who had at least one parent 
who ever smoked to those whose parents never smoked, the prevalence of myopia 
was significantly lowered in the former than the latter group (9.5% vs.12.6%, p = 
0.01).(Figure 18) Parents who were current smokers or past smokers had children 
with a lowered prevalence of myopia than parents who never smoked (9.6% and 
8.7% respectively vs. 12.6%, p = 0.04). Similarly, the prevalence of myopia in 
children decreased with increasing number of parents who ever smoked during 
their child’s life (12.3% for parents who never smoked, 9.9% for one parent ever 
smoked and 6.8% for two parents ever smoked, p = 0.046) and children with at 
least one parent who ever smoked during their child’s life had a lowered myopia 
prevalence than children whose parents never smoked during their child’s life 
(9.4% vs. 12.3%, p = 0.03). 
 
Figure 18. Prevalence of Myopia in Children who had at least One Parent who ever Smoked 
 
Mothers who smoked during pregnancy with their children had no 
significantly effect on the prevalence of myopia in their children (p = 0.14). 
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However, the average number of cigarettes smoked by their mothers during 
pregnancy was significantly less in myopic children (13.7 sticks; SD = 11.0) than 
non-myopic children (5.8 sticks; SD = 4.7, p = 0.01). 
Table 36. Proportion of Children with Myopia by Parental Smoking 
 
Characteristic N Myopia (< -0.5 D) Non-myopia (≥ -0.5 D) p* 
  n  n   
Father ever smoked       
Yes 990 95 9.6% 895 90.4% 0.03 
No 1618 201 12.4% 1417 87.6%  
Father smoking status       
Current 795 78 9.8% 717 90.2% 0.08 
Past 195 17 8.7% 178 91.3%  
Never 1618 201 12.4% 1417 87.6%  
Father smoked during child’s life       
Yes 855 83 9.7% 772 90.3% 0.07 
No 1746 211 12.1% 1535 87.9%  
Number of years father smoked 
during child’s lifetime 855 83 2.61 (1.53) 772 3.44 (1.56) <0.001 
Cigarettes father smokes per day       
<6 256 24 9.4% 232 90.6% 0.84 
7-12 354 32 9.0% 322 91.0%  
>13 309 32 10.4% 277 89.6%  
Mother ever smoked       
Yes 250 19 7.6% 231 92.4% 0.047 
No 2364 279 11.8% 2085 88.2%  
Mother smoking status       
Current 156 11 7.1% 145 92.9% 0.13 
Past 94 8 8.5% 86 91.5%  
Never 2364 279 11.8% 2085 88.2%  
Mother smoked during child’s 
life       
Yes 182 11 6.0% 171 94.0% 0.02 
No 2430 287 11.8% 2143 88.2%  
Number of years mother smoked 
during child’s lifetime 182 11 1.93 (1.21) 171 3.03 (1.55) 0.02 
Cigarettes mother smokes per 
day       
<6 138 11 8.0% 127 92.0% 0.48 
7-12 88 5 5.7% 83 94.3%  
>13 23 3 13.0% 20 87.0%  
Parents ever smoked       
Two 203 16 7.9% 187 92.1% 0.03 
One 834 82 9.8% 752 90.2%  
None 1583 200 12.6% 1383 87.4%  
Ever smoked by either parent       
Yes 1037 98 9.5% 939 90.5% 0.01 
No 1583 200 12.6% 1383 87.4%  
Smoking status by either parent       
Current 819 79 9.6% 740 90.4% 0.04 
Past 218 19 8.7% 199 91.3%  
Never 1583 200 12.6% 1383 87.4%  
Parents smoked during child’s 
life       
Two 146 10 6.8% 136 93.2% 0.046 
One 745 74 9.9% 671 90.1%  
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None 1733 214 12.3% 1519 87.7%  
Smoked during child’s life by 
either parent       
Yes 891 84 9.4% 807 90.6% 0.03 
No 1733 214 12.3% 1519 87.7%  
Mother ever smoked during 
pregnancy       
Yes 57 3 5.3% 54 94.7% 0.14 
No 2549 294 11.5% 2255 88.5%  
Cigarettes smoked per day while 
pregnant 44 3 13.7 (11.0) 41 5.8 (4.7) 0.01 
Data are presented as numbers and proportions or means and standard deviations. 
*p-value based on chi-square (categorical) and independent sample t test (continuous). 
 
4.2.6.3 Ocular Biometry and Spherical Equivalent by Parental History of 
Smoking 
 
The mean adjusted AL and SER (controlling for age, gender, height, 
parental myopia, read words or picture books and total time spent outdoor) for 
parental smoking parameters are presented in Table 37. 
Generally, no association existed between AL and smoking parameters of 
individual parents and either parent. Paternal smoking parameters such as whether 
father ever smoked (p = 0.17), father’s smoking status (p = 0.14), whether father 
ever smoked during the child’s life (p = 0.26), whether father ever smoked more 
than the median cut-off years (3.4 years) in the child’s life (p = 0.77) and the 
number of cigarettes father smoked per day (categorical) (p = 0.07) had no 
influence over the mean adjusted AL. Likewise, maternal smoking parameters 
such as whether mother ever smoked (p = 0.75), mother’s smoking status (p = 
0.92), whether mother ever smoked during the child’s life (p = 0.40), whether 
mother ever smoked more than the median cut-off years (3.0 years) in the child’s 
life (p = 0.47) and the number of cigarettes mother smoked per day (categorical) 
(p = 0.90) had no influence over the mean adjusted AL. Similarly, parental 
(lumping fathers and mothers together) smoking parameters such as the number of 
parents who ever smoked (p = 0.76), at least one parent ever smoked (p = 0.13), 
smoking status (p = 0.14), number of parents who smoked during child’s life (p = 
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0.45) and at least one parent ever smoked during child’s life (p =0.24) had no 
effect on the mean adjusted AL. Correspondingly, mother’s smoking history while 
pregnant with the child such as mother ever smoked during pregnancy (p = 0.49) 
and number of cigarettes smoked per day while pregnant (p = 0.14) had no 
association with mean adjusted AL. Besides, multiple regression models for AL 
by the number of years father smoked during child’s life, number of years mother 
smoked during child’s life and number of cigarettes smoked by mother during 
pregnancy showed that AL were not associated with years father smoked during 
child’s life (p = 0.71), years mother smoked during child’s life (p = 0.56) and the 
number of cigarettes smoked by mother during pregnancy (p = 0.54).  
In addition, SER and smoking parameters of individual parents and either 
parent were not related. Paternal smoking parameters such as whether father ever 
smoked (p = 0.51), father’s smoking status (p = 0.81), whether father ever smoked 
during the child’s life (p = 0.60), whether father ever smoked more than the 
median cut-off years (3.4 years) in the child’s life (p = 0.06) and the number of 
cigarettes father smoked per day (categorical) (p = 0.13) had no impact over the 
mean adjusted AL. Likewise, maternal smoking parameters such as whether 
mother ever smoked (p = 0. 45), mother’s smoking status (p = 0.97), whether 
mother ever smoked during the child’s life (p = 0.28), whether mother ever 
smoked more than the median cut-off years (3.0 years) in the child’s life (p = 0.89) 
and the number of cigarettes mother smoked per day (categorical) (p = 0.84) had 
no influence over the mean adjusted AL. Similarly, parental (lumping fathers and 
mothers together) smoking parameters such as the number of parents who ever 
smoked (p = 0.37), at least one parent ever smoked (p = 0.52), smoking status (p = 
0.63), number of parents who smoked during child’s life (p = 0.47) and at least 
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parent ever smoked during child’s life (p =0.44) had no effect on the mean 
adjusted AL. At the same time, mother smoking history while pregnant with the 
child such as mother ever smoked during pregnancy (p = 0.19) and number of 
cigarettes smoked per day while pregnant (0.15) had no associations with the 
mean adjusted AL. Besides, multiple regression models for SER by the number of 
years father smoked during child’s life, number of years mother smoked during 
child’s life and number of cigarettes smoked by mother during pregnancy showed 
that SER were not associated with years father smoked during child’s life (p = 
0.32), years mother smoked during child’s life (p = 0.78) and number of cigarettes 
smoked by mother during pregnancy (p = 0.25). 
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Table 37. Ocular Biometry and Spherical Refraction by Parental Smoking 
 
Characteristic   Axial Length (mm)  Spherical Equivalent Refraction (Diopters) 

















Father ever smoked          
Yes  684 22.14 (0.71) 22.13 (0.03) 22.18 (0.04) 990 0.73 (1.07) 0.73 (0.04) 0.73 (0.04) 
No  1140 22.11 (0.76) 22.11 (0.02) 22.14 (0.04) 1618 0.66 (1.21) 0.66 (0.03) 0.70 (0.04) 
P   0.54 0.57 0.17  0.11 0.12 0.51 
Father smoking status          
Current  539 22.13 (0.73) 22.12 (0.03) 22.17 (0.05) 795 0.76 (1.10) 0.76 (0.04) 0.74 (0.05) 
Past  145 22.16 (0.66) 22.18 (0.05) 22.22 (0.07) 195 0.64 (0.98) 0.64 (0.08) 0.68 (0.09) 
Never  1140 22.11 (0.76) 22.11 (0.02) 22.14 (0.04) 1618 0.66 (1.21) 0.66 (0.03) 0.70 (0.04) 
P   0.48 0.24 0.14  0.84 0.86 0.81 
Father smoked during child’s life          
Yes  596 22.14 (0.72) 22.13 (0.03) 22.18 (0.04) 855 0.74 (1.10) 0.74 (0.04) 0.73 (0.05) 
No  1221 22.11 (0.75) 22.11 (0.02) 22.14 (0.04) 1746 0.66 (1.19) 0.66 (0.03) 0.70 (0.04) 
P   0.39 0.72 0.26  0.11 0.13 0.60 
Number of years father smoked 
during child’s lifetime          
≤3.4  149 21.85 (0.65) 22.14 (0.07) 22.15 (0.08) 421 0.60 (1.09) 0.61 (0.08) 0.60 (0.09) 
>3.4  447 22.24 (0.72) 22.14 (0.03) 22.12 (0.07) 434 0.88 (1.08) 0.87 (0.07) 0.85 (0.08) 
P   <0.001 0.96 0.77  <0.001 0.04 0.06 
Regression coefficient     -0.01 (-0.09 – 0.06)    
0.07 (-0.06 – 
0.19) 
P (regression)     0.71    0.32 
Cigarettes father smokes per day          
<6  172 22.01 (0.64) 22.05 (0.05) 22.03 (0.07) 256 0.75 (0.98) 0.76 (0.07) 0.80 (0.08) 
7-12  249 22.18 (0.79) 22.16 (0.04) 22.12 (0.07) 354 0.77 (1.20) 0.77 (0.06) 0.79 (0.07) 
>13  212 22.18 (0.67) 22.17 (0.04) 22.14 (0.07) 309 0.67 (1.03) 0.67 (0.06) 0.66 (0.07) 
P   0.02 0.08 0.07  0.38 0.33 0.13 
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Mother ever smoked          
Yes  155 22.04 (0.70) 22.09 (0.05) 22.14 (0.06) 250 0.74 (0.95) 0.75 (0.07) 0.76 (0.08) 
No  1669 22.13 (0.75) 22.12 (0.02) 22.15 (0.04) 2364 0.68 (1.18) 0.68 (0.02) 0.70 (0.03) 
P   0.14 0.50 0.75  0.41 0.34 0.45 
Mother smoking status          
Current  93 22.04 (0.70) 22.07 (0.07) 22.13 (0.08) 156 0.80 (0.96) 0.81 (0.09) 0.80 (0.10) 
Past  62 22.04 (0.69) 22.10 (0.08) 22.15 (0.09) 94 0.65 (0.93) 0.66 (0.12) 0.70 (0.12) 
Never  1669 22.13 (0.75) 22.12 (0.02) 22.15 (0.04) 2364 0.68 (1.18) 0.68 (0.02) 0.70 (0.03) 
P   0.36 0.82 0.92  0.81 0.85 0.97 
Mother smoked during child’s life          
Yes  114 21.99 (0.71) 22.04 (0.06) 22.11 (0.07) 182 0.80 (0.94) 0.81 (0.09) 0.80 (0.09) 
No  1708 22.13 (0.75) 22.12 (0.02) 22.16 (0.04) 2430 0.68 (1.17) 0.68 (0.02) 0.70 (0.03) 
P   0.054 0.21 0.40  0.15 0.13 0.28 
Number of years mother smoked 
during child’s lifetime          
≤3.0  26 21.76 (0.67) 22.00 (0.14) 22.00 (0.26) 94 0.70 (0.97) 0.78 (0.13) 0.79 (0.14) 
>3.0  88 22.06 (0.71) 22.01 (0.07) 22.11 (0.22) 88 0.91 (0.91) 0.83 (0.13) 0.76 (0.14) 
P   0.06 0.94 0.47  0.14 0.84 0.89 
Regression coefficient     0.04 (-0.09 – 0.17)    
-0.03 (-0.21 – 
0.16) 
P (regression)     0.56    0.78 
Cigarettes mother smokes per day          
<6  88 21.98 22.0 (0.07) 21.97 (0.16) 138 0.74 (0.96) 0.75 (0.08) 0.80 (0.10) 
7-12  52 22.15 22.17 (0.09) 22.09 (0.17) 88 0.73 (0.84) 0.72 (0.10) 0.78 (0.11) 
>13  15 22.01 21.97 (0.16) 22.00 (0.19) 23 0.81 (1.33) 0.80 (0.20) 0.85 (0.20) 
P   0.88 0.85 0.90  0.75 0.82 0.84 
Parents ever smoked          
Two  122 22.03 (0.68) 22.06 (0.06) 22.13 (0.04) 203 0.77 (0.95) 0.78 (0.08) 0.77 (0.08) 
One  595 22.16 (0.72) 22.15 (0.03) 22.19 (0.04) 834 0.72 (1.09) 0.72 (0.04) 0.72 (0.05) 
None  1115 22.12 (0.76) 22.11 (0.02) 22.12 (0.07) 1583 0.66 (1.21) 0.66 (0.03) 0.70 (0.04) 
P   0.22 0.38 0.76  0.20 0.16 0.37 
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Ever smoked by either parent          
Yes  717 22.13 (0.72) 22.13 (0.02) 22.18 (0.04) 1037 0.73 (1.07) 0.73 (0.04) 0.73 (0.04) 
No  1115 22.12 (0.76) 22.11 (0.02) 22.13 (0.04) 1583 0.66 (1.21) 0.66 (0.03) 0.70 (0.04) 
P   0.61 0.46 0.13  0.13 0.14 0.52 
Smoking status by either parent          
Current  558 22.13 (0.73) 22.12 (0.03) 22.17 (0.05) 819 0.76 (1.09) 0.76 (0.04) 0.75 (0.05) 
Past  159 22.14 (0.66) 22.18 (0.05) 22.21 (0.07) 218 0.62 (0.98) 0.62 (0.08) 0.66 (0.08) 
Never  1115 22.12 (0.76) 22.11 (0.02) 22.14 (0.04) 1583 0.66 (1.21) 0.66 (0.03) 0.70 (0.04) 
P   0.72 0.23 0.14  0.62 0.63 0.63 
Parents smoked during child’s life          
Two  91 21.98 (0.67) 22.02 (0.07) 22.09 (0.08) 146 0.79 (0.97) 0.80 (0.10) 0.77 (0.10) 
One  528 22.17 (0.74) 22.14 (0.03) 22.19 (0.05) 745 0.74 (1.11) 0.73 (0.04) 0.73 (0.05) 
None  1215 22.11 (0.75) 22.11 (0.02) 22.14 (0.04) 1733 0.66 (1.19) 0.66 (0.03) 0.70 (0.04) 
P   0.10 0.19 0.45  0.18 0.17 0.47 
Smoked during child’s life by either 
parent          
Yes  619 22.14 (0.73) 22.13 (0.03) 22.18 (0.04) 891 0.74 (1.09) 0.74 (0.04) 0.73 (0.04) 
No  1215 22.11 (0.75) 22.11 (0.02) 22.14 (0.04) 1733 0.66 (1.19) 0.66 (0.03) 0.70 (0.04) 
P   0.48 0.71 0.24  0.07 0.09 0.44 
Mother ever smoked during 
pregnancy          
Yes  38 21.97 (0.53) 22.02 (0.11) 22.08 (0.11) 57 0.94 (0.92) 0.95 (0.15) 0.90 (0.15) 
No  1782 22.13 (0.75) 22.12 (0.02) 22.15 (0.04) 2549 0.68 (1.16) 0.68 (0.02) 0.70 (0.03) 
P   0.20 0.33 0.49  0.09 0.08 0.19 
Cigarettes smoked per day while 
pregnant          
≤ 5  20 22.14 (0.50) 22.15 (0.11) 22.71 (0.28) 29 1.12 (0.93) 1.09 (0.17) 1.08 (0.18) 
>5  11 21.71 (0.51) 21.80 (0.16) 22.39 (0.28) 15 0.58 (0.87) 0.70 (0.24) 0.63 (0.27) 
P   0.03 0.08 0.14  0.07 0.19 0.15 
Regression coefficient     -0.02 (-0.07 – 0.04)    
-0.03 (-0.09 – 
0.02) 
P (regression)     0.54    0.25 
Data are presented as means and standard deviations or standard errors. P-value based on linear trend test.  
*Adjusted for age, gender, height, parental myopia, read words or picture books and total time spent outdoor.
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4.2.6.4 Association of Smoking by either Parent with Myopia in Children 
 
Univariate and multiple regression analyses of the odds of myopia by 
parental smoking parameters were shown in Table 38. We would only focus on 
the multiple regression results which were controlled for age, gender, parental 
myopia, read words or picture books, total times spent outdoor and parental 
smoking parameters. The results demonstrated that only the children with two 
parents who ever smoked had significantly reduced odds of myopia (OR = 0.58; 
95% CI (0.34, 0.99), p = 0.046). Other parental smoking parameters also showed 
reduced risks of myopia in children but they were not statistically significant. 
Table 38. Association of Smoking by Either Parent with Myopia in Children 
 
Parental Smoking Univariate Multivariate* 
 OR (95% CI) P OR (95% CI) P 
Smoking     
Never 1  1  
Current 0.74 (0.56 – 0.97) 0.03 0.81 (0.61 – 1.08) 0.16 
Past 0.66 (0.40 – 1.08) 0.10 0.66 (0.40 – 1.09) 0.11 
P (trend)  0.04  0.14 
Ever smoked by either parents     
No 1  1  
Yes 0.72 (0.56 – 0.93) 0.01 0.78 (0.60 – 1.01) 0.06 
Number of parents ever smoked     
None 1  1  
One 0.75 (0.58 - 0.99) 0.04 0.84 (0.63 – 1.11) 0.21 
Two 0.59 (0.35 - 1.00) 0.053 0.58 (0.34 – 0.99) 0.046 
P (trend)  0.03  0.09 
Smoking during child’s life     
No 1  1  
Yes 0.74 (0.57 - 0.96) 0.03 0.82 (0.62 – 1.08) 0.16 
Number who smoked during 
child’s life     
None 1  1  
One 0.78 (0.59 - 1.04) 0.09 0.88 (0.66 – 1.17) 0.37 
Two 0.52 (0.27 - 1.01) 0.053 0.56 (0.29 – 1.08) 0.08 
P (trend)  0.05  0.18 
P-value based on linear trend test.  
*Adjusted for age, gender, height, parental myopia, read words or picture books and total time 
spent outdoor.  
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4.2.6.5 Association of Smoking by each Parent with Myopia in Children 
 
Table 39 showed the association of myopia with parental smoking which 
was stratified by individual parents. Taking into account the multiple regression 
results, a significant reduced risk of myopia was found among children whose 
mothers were current smoker, ever smoked or ever smoked during child’s life (OR 
= 0.51; 95% CI (0.26, 0.99), p = 0.047, OR = 0.56; 95% CI (0.34, 0.92), p = 0.02 
and OR = 0.45; 95% CI (0.23, 0.86), p = 0.02 respectively). No multiple 
regression analysis was performed for mother’s smoking during pregnancy by 
median cut-off for the number of cigarettes smoked per day because the sample 
size of mother who smoked during smoking was too small. In contrast, none of the 
father’s smoking parameters showed significant association with myopia. 
Table 39. Association of Smoking by Each Parent with Myopia in Children 
 
Parental smoking Mother Father 
 Univariate Multivariate* Univariate Multivariate* 








Smoking status         
Never 1  1  1  1  
Current 0.57 (0.30 
- 1.06) 0.08 
0.51 (0.26 
– 0.99) 0.047 
0.77 (0.58 
- 1.01) 0.06 
0.86 (0.65 
– 1.15) 0.31 
Past 0.70 (0.33 
- 1.45) 0.33 
0.62 (0.30 
– 1.32) 0.22 
0.67 (0.40 
- 1.13) 0.14 
0.67 (0.40 
– 1.13) 0.14 
P (trend)  0.14  0.07  0.08  0.24 
Ever smoked         
No 1  1  1  1  
Yes 0.62 (0.38 
-0.998) 0.049 
0.56 (0.34 
– 0.92) 0.02 
0.75 (0.58 
- 0.97) 0.03 
0.82 (0.63 
– 1.07) 0.14 
Cigarettes 
smoked per day         
<6 1  1  1  1  
7-12 0.70 (0.23 -2.07) 0.52 
0.58 (0.17 
- 2.02) 0.39 0.96 0.89 
1.06 (0.60 
– 1.88) 0.85 
>13 1.73 (0.44 - 6.75) 0.43 
1.40 (0.29 
– 6.82) 0.68 1.12 0.70 
1.30 (0.73 
– 2.32) 0.38 
P (trend)  0.50  0.57  0.84  0.63 
Smoked during 
child’s life         
No 1  1  1  1  
Yes 0.48 (0.26 
- 0.90) 0.02 
0.45 (0.23 
– 0.86) 0.02 
0.78 (0.60 
- 1.02) 0.07 
0.89 (0.67 
– 1.17) 0.39 
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Number of years 
parent smoked 
during child’s life 
        
<3.0 1  1  1  1  
≥3.0 0.22 (0.05 




0.78 0.38 (0.23 - 0.62) <0.001 
1.09 (0.45 
– 2.62) 0.85 
Mother smoked 
during pregnancy         
No 1  1  N.A  N.A  
Yes 0.43 (0.13 




0.17 N.A  N.A  
Cigarettes 
smoked per day 
while pregnant 
        
<5 1  N.A  N.A  N.A  
≥5 4.31 (0.36 
- 51.9) 0.25 N.A  N.A  N.A  
P-value based on linear trend test.  
*Adjusted for age, gender, height, parental myopia, read words or picture books and total time 
spent outdoor.  
4.2.6.6 Association of Smoking by Mother during Child’s Life and Low Birth 
Weight with Myopia in Children 
 
 The analysis of the association of myopia with smoking by mother during 
child’s life and low birth weight was shown in Table 40. Children was categorised 
according to whether they are normal or low birth weight and whether their 
mother smoked during the children’s life: there are 4 groups namely good birth 
weight (≥ 2.5 kg) and mother never smoked (reference group), low birth weight (< 
2.5 kg) and mother never smoked, good birth weight and mother ever smoked, and 
good birth weight and mother ever smoked. After controlling for age, gender, 
height, parental myopia, read words or picture books, total time spent outdoor and 
gestational age, children with good birth weight and whose mother smoked during 
their life had a significant reduced risk of myopia (OR = 0.47: 95% = 0.24 – 0.95, 
p = 0.04).  
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Table 40. Association of Smoking by Mother during Child’s Life and Low Birth Weight with 
Myopia in Children 
 
*Model has adjusted for all other factors in the table. 
4.2.7 Birth Parameters 
 
4.2.7.1 Characteristics of the Study Population by Birth Parameters 
 
The mean birth weight, birth length, birth head circumference and 
gestational age of the children were 3.09 kg (SD = 0.46), 49.1 cm (SD = 2.48), 
33.5 cm (SD = 1.62) and 38.3 weeks (SD = 1.595), respectively (Table 41). The 
distribution of birth weight was normal,(Figure 19) birth length was leptokurtic 
(kurtosis 19.7),(Figure 20) birth head circumference was leptokurtic (kurtosis 13.1) 
(Figure 21) and gestational age was leptokurtic (kurtosis 13.0).(Figure 22) Boys 
were significantly heavier (3.14 kg; SD = 0.46 vs. 3.04 kg; SD = 0.44, p<0.001) 
and taller (49.4cm; SD = 2.40 vs. 48.8 cm; SD = 2.54, p<0.001), and had wider 
birth head circumference (33.8 cm; SD = 1.67 vs. 33.3 cm; SD = 1.53, p<0.001) 
than girls. Clinically, 8.2% of the children were born with low birth weight 
(defined as birth weight <2.5 kg), 11.0% of the children were born with low birth 
length (defined as birth length <47 cm), 7.6% of the children were born of low 
birth head circumference (< 32 cm), and 8.6% of the children were born 
prematurely (defined as gestational age <37 weeks). The prevalence of low birth 







Age (month) 0.97 0.95 0.99 0.01 
Girl versus boy 1.07 0.82 1.38 0.63 
Height (cm)  1.01 0.96 1.04 0.41 
One myopic parent versus no myopic parents 1.15 0.81 1.64 0.43 
Two myopic parents versus no myopic parents 1.98 1.42 2.77 <0.001 
Time spent Outdoors (hours/day) 0.93 0.82 1.06 0.29 
Read words or pictures (yes versus no) 0.73 0.51 1.05 0.09 
Gestational age 1.02 093 1.13 0.67 
Good birth weight and mother never smoked in child’s life 1.00    
Low birth weight and mother never smoked in child’s life 0.66 0.36 1.21 0.18 
Good birth weight and mother ever smoked in child’s life 0.47 0.24 0.95 0.04 
Low birth weight and mother ever smoked in child’s life 0.56 0.71 0.09 5.68 
 141
weight (p = 0.01), low birth length (p = 0.02) and low birth head circumference 
(p<0.001) was higher in girls than boys. 
 













Figure 22. Distribution of Gestational Age among Singapore Chinese Preschool Children 
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Table 41. Characteristics of the Study Population by Birth Parameters 
 
Characteristic Total  Boys Girls p* 
 n  Median n  n   





Clinical definition of 
birth weight, kg         
Low, <2.5 243 8.2%  121 7.9% 122 8.6% 0.01 
Normal, 2.5-
4.0 2659 90.1%  1383 89.8% 1276 90.4%  
High, >4.0 49 1.7%  36 2.3% 13 0.9%  





Clinical definition of 
birth length, cm         
Low, <47 322 11.0%  146 9.6% 176 12.6% 0.02 
Normal, 47-56 2598 88.7%  1375 90.0% 1223 87.2%  
High, >56 10 0.3%  7 0.5% 3 0.2%  
Birth head 
circumference, cm 2916 
33.5 





Clinical definition of 
birth head 
circumference, cm 
        
Low, <32 221 7.6%  96 6.3% 125 9.0% <0.001 
Normal, 32-36 2490 85.4%  1286 84.6% 1204 86.2%  
High, >36 205 7.0%  138 9.1% 67 4.8%  





Clinical definition of 
gestational age, weeks         
Premature, 
<37 243 8.6%  139 9.5% 104 7.7% 0.08 
Normal, >37 2579 91.4%  1324 90.5% 1255 92.3%  
Data are presented as numbers and proportions or means and standard deviations. 
*P-value based on chi-square (categorical) and independent sample t test (continuous). 
 
4.2.7.2 Proportion of Children with Myopia by Birth Parameters 
 
The mean birth weight (p = 0.77), birth length (p = 0.48) and gestational 
age (p = 0.44) was not significantly different between myopic and non-myopic 
children (Table 42). However, myopic children had a significant greater birth head 
circumference than non-myopic children (33.7 cm; SD = 2.2 vs. 33.5 cm; SD = 
1.6, p = 0.048) though it may not be of importance clinically.  
On the other hand, the prevalence of myopia did not differ significantly 
between the children in different clinical categories of birth weight (low, normal 
and high, p = 0.13), birth length (low, normal and high, p = 0.97), and birth head 
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circumference (low, normal and high, p = 0.78) and gestational age (premature 
and normal, p = 0.81). 
Table 42. Proportion of Children with Myopia by Birth Parameters 
 
Characteristic N Myopia (< -0.5 D) Non-myopia (≥ -0.5 D) p* 
  n  n   
Birth weight, kg 2595 296 3.09 (0.41) 2299 3.09 (0.46) 0.77 
Clinical definition of 
birth weight, kg       
Low, <2.5 219 16 7.3% 203 92.7% 0.13 
Normal, 2.5-4.0 2335 276 11.8% 2059 88.2%  
High, >4.0 41 4 9.8% 37 90.2%  
Birth Length, cm 2580 296 49.2 (2.4) 2284 49.1 (2.5) 0.48 
Clinical definition of 
birth length, cm       
Low, <47 289 32 11.1% 257 88.9% 0.97 
Normal, 47-56 2282 263 11.5% 2019 88.5%  
High, >56 9 1 11.1% 8 88.9%  
Birth head 
circumference, cm 2567 
294 33.7 (2.2) 2273 33.5 (1.6) 0.048 
Clinical definition of 
birth head circumference, 
cm 
      
Low, <32 201 20 10.0% 181 90.0% 0.78 
Normal, 32-36 2185 253 11.6% 1932 88.4%  
High, >36 181 21 11.6% 160 88.4%  
Gestational age, weeks 2481 282 38.4 (1.3) 2199 38.3 (1.6) 0.44 
Clinical definition of 
gestational age, weeks       
Premature, <37 219 26 11.9% 193 88.1% 0.81 
Normal, >37 2262 256 11.3% 2006 88.7%  
Data are presented as numbers and proportions or means and standard deviations. 
*P-value based on chi-square (categorical) and independent sample t test (continuous). 
 
4.2.7.3 Ocular Biometry and Spherical Equivalent by Birth Parameters 
 
In general, the multivariate adjusted analyses demonstrated that birth 
weight, birth length and birth head circumference were associated with mean AL 
(Table 43). 
Based on median cut-off (3.1 kg) for birth weight, children who weighed 
more than median cut-off had a greater mean adjusted AL (controlling for age, 
gender, height, parental myopia, gestational age, read words or picture books  and 
total time spent outdoor) than those who weighed less (22.22 mm; SEM = 0.04 vs. 
22.04 mm; SEM = 0.04, p<0.001). Based on quartile cut-offs, children who were 
born with birth weight in the highest category (> 3.38 kg) had a mean adjusted AL 
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of 22.27 mm while children born in the lowest category (<2.82 kg) had a mean 
adjusted AL of 21.92 mm (P for trend<0.001). Based on clinical definition, 
children born in the low birth weight category had the lowest mean adjusted AL 
(22.00 mm; SEM = 0.07) compared to those born normal or in the high birth 
weight category (22.14 mm; SEM = 0.04 and 22.46 mm; SEM = 0.12 respectively, 
p for trend<0.001). Based on the results of multiple linear regressions, for every 
one kg increased in birth weight, the AL increased by 0.26 mm (95% CI (0.18, 
0.33), p<0.001). 
Based on median cut-off (49.0 cm) for birth length, children who were 
longer than the median cut-off had a higher mean adjusted AL (controlling for age, 
gender, height, parental myopia, gestational age, read words or picture books  and 
total time spent outdoor) than those who were shorter (22.22 mm; SEM = 0.04 vs. 
22.07 mm; SEM = 0.04, p<0.001). Based on quartile cut-offs, children who were 
born with birth length in the highest category (> 51.0 cm) had a mean adjusted AL 
of 22.33 mm while children born in the lowest category (<48.0 cm) had a mean 
adjusted AL of 22.03 mm (P for trend<0.001). Based on clinical definition, 
children born in the low birth length category had the lowest mean adjusted AL 
(22.00 mm; SEM = 0.06) compared to those born normal or in the high birth 
length category (22.15 mm; SEM = 0.04 and 22.28 mm; SEM = 0.24 respectively; 
however, the relationship was not significant (p for trend<0.001). Based on the 
results of multiple linear regression, for every one cm increased in birth length, 
the AL increased by 0.04 mm (95% CI (0.03, 0.06), p<0.001). 
Based on median cut-off (33.5 cm) for birth head circumference, children 
who were longer than the median cut-off had a higher mean adjusted AL 
(controlling for age, gender, height, parental myopia, gestational age, read words 
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or picture books  and total time spent outdoor) than those who were shorter (22.19 
mm; SEM = 0.04 vs. 22.08 mm; SEM = 0.04, p<0.001). Based on quartile cut-offs, 
children who were born with birth head circumference in the highest category (> 
34.5 cm) had a mean adjusted AL of 22.28 mm while children born in the lowest 
category (<33.0 cm) had a mean adjusted AL of 22.08 mm (P for trend<0.001). 
Based on clinical definition, children born in the low birth head circumference 
category had the lowest mean adjusted AL (21.98 mm; SEM = 0.07) compared to 
those born normal or in the high birth head circumference category (22.14 mm; 
SEM = 0.04 and 22.30 mm; SEM = 0.07 respectively, p for trend<0.001). Based 
on the results of multiple linear regression, for every one cm increased in birth 
head circumference, the AL increased by 0.05 mm (95% CI (0.03, 0.07), p<0.001). 
In contrast, there was no association between gestational age and AL when 
analysed by median cut-off (p = 0.29), quintile cut-offs (p = 0.06), clinical cut-off 
(p = 0.23) and linear regression models (p = 0.07) after controlling for age, gender, 
height, parental myopia, read words or picture books  and total time spent outdoor. 
Birth size, in general, did not influence the mean adjusted SER. Multiple 
linear regression models constructed for SER by independent variables of birth 
weight (p = 0.12), birth length (p = 0.59), and birth head circumference (p = 0.35) 
did not showed statistical significance. There were no associations between birth 
weight and length when analysed by median cut-off, quartile cut-offs, and clinical 
cut-off. However, children who were born with head circumference longer than 
the median cut-off (33.5 cm) were significantly more hyperopic compared to those 
who had a head circumference smaller than the median cut-off (0.77 D; SEM = 
0.04 vs. 0.66 D; SEM = 0.04, p = 0.02). Similarly, based on quartile cut-offs, 
children who were born with head circumference in the highest category (> 34.5 
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cm) had a mean adjusted SER of 0.77 D while children born in the lowest 
category (<33.0 cm) had a mean adjusted SER of 0.61 D (P for trend = 0.02). 
Nonetheless, there was no association between clinical categories of birth head 
circumference and mean adjusted SER (p = 0.35). Gestational age did not affect 
the SER when analysed by median cut-off (p = 0.76), clinical cut-off (p = 0.56) 
and linear regression models (p = 0.23). However, quintile cut-offs for gestational 
age was associated with SER (p = 0.001). 
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Table 43. Ocular Biometry and Spherical Refraction by Birth Parameters 
 
Characteristic  Axial Length (mm)  Spherical Equivalent Refraction (Diopters) 













Birth weight, kg         
≤ 3.10 879 21.99 (0.73) 22.01 (0.02) 22.04 (0.04) 1301 0.66 (1.20) 0.66 (0.03) 0.67 (0.04) 
> 3.10 926 22.24 (0.73) 22.21 (0.02) 22.22 (0.04) 1294 0.71 (1.11) 0.71 (0.03) 0.76 (0.04) 
P  <0.001 <0.001 <0.001  0.33 0.25 0.11 
Birth weight, kg         
1st quartile (<2.82) 448 21.90 (0.73) 21.92 (0.03) 21.93 (0.05) 651 0.72 (1.01) 0.71 (0.05) 0.71 (0.06) 
2nd quartile (2.82-3.09) 431 22.08 (0.72) 22.11 (0.03) 22.13 (0.05) 650 0.61 (1.37) 0.60 (0.05) 0.64 (0.05) 
3rd quartile (3.09-3.38) 471 22.18 (0.69) 22.17 (0.03) 22.19 (0.05) 653 0.72 (1.04) 0.72 (0.05) 0.75 (0.05) 
4th quartile (>3.38) 455 22.31 (0.77) 22.26 (0.03) 22.27 (0.05) 641 0.69 (1.19) 0.71 (0.05) 0.76 (0.05) 
P  <0.001 <0.001 <0.001  0.82 0.67 0.28 
Clinical definition of birth 
weight, kg         
Low (<2.5) 156 21.92 (0.73) 21.92 (0.05) 22.00 (0.07) 219 0.77 (0.92) 0.77 (0.08) 0.74 (0.09) 
Normal (2.5-4.0) 1616 22.13 (0.74) 22.13 (0.02) 22.14 (0.04) 2335 0.68 (1.18) 0.68 (0.02) 0.71 (0.03) 
High (>4.0) 33 22.53 (0.56) 22.49 (0.11) 22.46 (0.12) 41 0.64 (1.07) 0.65 (0.18) 0.68 (0.18) 
P  <0.001 <0.001 <0.001  0.50 0.55 0.77 
Regression coefficient   0.27 (0.20, 0.33) 0.26 (0.18, 0.33)   0.03 (-0.07, 0.13) 0.10 (-0.03, 0.22) 
P (regression)   <0.001 <0.001   0.61 0.12 
Birth Length, cm         
≤ 49.0 960 22.00 (0.72) 22.03 (0.02) 22.07 (0.04) 1433 0.72 (1.17) 0.72 (0.03) 0.73 (0.04) 
> 49.0 829 22.25 (0.74) 22.22 (0.02) 22.22 (0.04) 1147 0.63 (1.14) 0.64 (0.03) 0.69 (0.04) 
P  <0.001 <0.001 <0.001  0.048 0.07 0.36 
Birth Length, cm         
1st quartile (<48.0) 628 21.94 (0.71) 21.97 (0.03) 22.03 (0.05) 926 0.72 (1.17) 0.72 (0.04) 0.72 (0.05) 
2nd quartile (48.0-49.0) 332 22.11 (0.73) 22.12 (0.04) 22.14 (0.05) 507 0.73 (1.19) 0.73 (0.05) 0.76 (0.06) 
3rd quartile (49.0-51.0) 608 22.21 (0.75) 22.18 (0.03) 22.18 (0.05) 510 0.63(1.13) 0.64 (0.05) 0.68 (0.06) 
4th quartile (>51.0) 221 22.37 (0.71) 22.34 (0.04) 22.33 (0.06) 637 0.63 (1.15) 0.64 (0.05) 0.70 (0.05) 
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P  <0.001 <0.001 <0.001  0.06 0.08 0.52 
Clinical definition of birth 
length, cm         
Low (<47.0) 182 21.87 (0.70) 21.92 (0.05) 22.00 (0.06) 289 0.69 (0.91) 0.70 (0.07) 0.65 (0.08) 
Normal (47.0-56.0) 1600 22.14 (0.74) 22.14 (0.02) 22.15 (0.04) 2282 0.68 (1.19) 0.68 (0.02) 0.72 (0.03) 
High (>56.0) 7 22.35 (0.74) 22.27 (0.24) 22.28 (0.24) 9 0.86 (1.06) 0.87 (0.39) 0.89 (0.39) 
P  0.10 0.16 0.25  0.68 0.66 0.54 
Regression coefficient   0.05 (0.04, 0.06) 0.04 (0.03, 0.06)   -0.01 (-0.03, 0.01) 0.006 (-0.02, 0.03) 
P (regression)   <0.001 <0.001   0.46 0.59 
Birth head circumference, cm         
≤ 33.5 924 22.03 (0.75) 22.05 (0.02) 22.08 (0.04) 1337 0.65 (1.15) 0.65 (0.03) 0.66 (0.04) 
> 33.5 855 22.22 (0.72) 22.19 (0.02) 22.19 (0.04) 1230 0.71 (1.17) 0.72 (0.03) 0.77 (0.04) 
P  <0.001 <0.001 0.001  0.16 0.10 0.02 
Birth head circumference, cm         
1st quartile (<33.0) 842 22.02 (0.75) 22.04 (0.02) 22.08 (0.04) 643 0.63 (1.17) 0.62 (0.05) 0.61 (0.05) 
2nd quartile (33.0-33.5) 82 22.13 (0.68) 22.13 (0.07) 22.16 (0.08) 694 0.67 (1.13) 0.67 (0.04) 0.70 (0.05) 
3rd quartile (33.5-34.5) 468 22.14 (0.73) 22.13 (0.03) 22.13 (0.05) 660 0.72 (1.22) 0.72 (0.05) 0.77 (0.05) 
4th quartile (>34.5) 387 22.31 (0.70) 22.26 (0.03) 22.28 (0.05) 570 0.71 (1.11) 0.72 (0.05) 0.77 (0.06) 
P  <0.001 <0.001 <0.001  0.16 0.09 0.02 
Clinical definition of birth head 
circumference, cm         
Low (<32.0) 143 21.88 (0.71) 21.92 (0.05) 21.98 (0.07) 201 0.71 (0.92) 0.71 (0.08) 0.68 (0.09) 
Normal (32.0-36.0) 1509 22.12 (0.74) 22.12 (0.02) 22.14 (0.04) 2185 0.67 (1.19) 0.67 (0.03) 0.71 (0.03) 
High (>36.0) 127 22.39 (0.71) 22.29 (0.06) 22.30 (0.07) 181 0.75 (1.03) 0.76 (0.09) 0.80 (0.09) 
P  <0.001 <0.001 <0.001  0.76 0.65 0.35 
Regression coefficient   0.06 (0.04, 0.08) 0.05 (0.03, 0.07)   0.004 (-0.02, 0.03) 0.02 (-0.02, 0.05) 
P (regression)   <0.001 <0.001   0.80 0.35 
Gestational age, weeks         
≤ 38.0 857 22.10 (0.76) 22.10 (0.02) 22.12 (0.04) 1284 0.70 (1.14) 0.70 (0.03) 0.72 (0.04) 
> 38.0 876 22.13 (0.73) 22.13 (0.02) 22.16 (0.04) 1197 0.68 (1.19) 0.68 (0.03) 0.71 (0.04) 
P  0.32 0.30 0.29  0.73 0.64 0.76 
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Gestational age, weeks         
1st quintile (<37.0) 366 22.06 (0.78) 22.07 (0.03) 22.11 (0.05) 571 0.74 (1.17) 0.75 (0.05) 0.77 (0.05) 
2nd quintile (37.0-38.0) 491 22.12 (0.74) 22.12 (0.03) 22.14 (0.05) 713 0.66 (1.11) 0.66 (0.04) 0.69 (0.05) 
3rd quintile (38-39.0) 489 22.11 (0.71) 22.12 (0.03) 22.15 (0.05) 706 0.69 (1.30) 0.69 (0.04) 0.72 (0.05) 
4th quintile (39-40) 351 22.13 (0.73) 22.13 (0.04) 22.16 (0.05) 443 0.73 (0.99) 0.72 (0.06) 0.76 (0.06) 
5th quintile (>40) 36 22.44 (0.85) 22.25 (0.11) 22.31 (0.11) 48 0.15 (1.24) 0.14 (0.17) 0.14 (0.17) 
P  0.003 0.10 0.06  0.002 0.001 0.001 
Clinical definition of 
gestational age, weeks         
Pre-term, <37 141 22.02 (0.72) 22.01 (0.06) 22.04 (0.07) 219 0.73 (1.12) 0.74 (0.08) 0.76 (0.08) 
Full term, ≥37 1592 22.12 (0.75) 22.12 (0.02) 22.15 (0.04) 2262 0.69 (1.17) 0.69 (0.03) 0.71 (0.03) 
P  0.11 0.048 0.06  0.59 0.49 0.56 
Regression coefficient   0.02 (-0.002, 0.04) 0.02 (-0.001, 0.04)   
-0.02 (-0.05, 0.01) -0.02 (-0.05, 0.01) 
P (regression)   0.08 0.07   0.20 0.23 
Data are presented as means and standard deviations or standard errors. 
P-value based on linear trend test.  
*Adjusted for age, gender, height, parental myopia, gestational age (except in the analysis of gestational age data), read words or picture books and total time spent 
outdoor.
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4.2.7.4 Association of Birth Parameters with Myopia in Children 
 
Table 44 showed the results of the logistic models for myopia (defined as 
SER < -0.5 D) by quartile cut-offs for birth size (weight, length and head 
circumference) and quintile cut-offs for gestational age. Generally, multivariate 
adjusted models (controlling for age, gender, height, parental myopia, gestational 
age except in the analysis of gestational age data, read words or picture books, and 
total spent outdoor) demonstrated that none of the birth parameters were 
associated with myopia. 
Table 44. Association of Myopia with Quartiles of Birth Parameters 
 
Characteristic Myopia at least -0.5 D 
 Age-Gender adjusted 
OR (95% CI) 
P Multivariate* OR 
(95% CI) 
P 
Birth Weight, kg     
1st quartile (<2.82) 1  1  
2nd  quartile (2.82-3.09) 1.26 (0.90 - 1.77) 0.19 1.08 (0.75 – 1.56) 0.68 
3rd  quartile (3.09-3.38) 1.00 (0.70 - 1.43) 1.00 0.85 (0.58 – 1.26) 0.43 
4th  quartile (>3.38) 1.09 (0.77 - 1.55) 0.63 0.92 (0.62 – 1.38) 0.70 
P (trend)  0.50  0.62 
Birth length, cm     
1st quartile (<48.0) 1  1  
2nd quartile (48.0-49.0) 1.08 (0.76 - 1.54) 0.68 1.02 (0.71 – 1.48) 0.90 
3rd quartile (49.0-50.5) 1.41 (1.01 - 1.97) 0.04 1.28 (0.89 – 1.84) 0.18 
4th quartile (>50.5) 1.27 (0.91 - 1.75) 0.16 1.10 (0.76 – 1.58) 0.62 
P (trend)  0.19  0.56 
Birth head Circumference, 
cm     
1st quartile (<32.5) 1  1  
2nd quartile (32.5-33.5) 1.00 (0.71 - 1.40) 1.00 0.92 (0.65 – 1.31) 0.65 
3rd quartile (33.5-34.5) 0.84 (0.59 - 1.20) 0.34 0.76 (0.52 – 1.10) 0.15 
4th quartile (>34.5) 1.02 (0.72 - 1.50) 0.91 0.85 (0.58 – 1.25) 0.40 
P (trend)  0.68  0.52 
Gestational Age, weeks     
1st quintile (<37.0) 1  1  
2nd quintile (37.0-38.0) 1.35 (0.94 – 1.93) 0.10 1.27 (0.89 – 1.83) 0.19 
3rd quintile (38-39.0) 1.32 (0.92 – 1.89) 0.13 1.31 (0.91 – 1.88) 0.15 
4th quintile (39-40) 1.04 (0.68 – 1.59) 0.86 1.00 (0.65 – 1.53) 1.00 
5th quintile (>40) 2.55 (1.16 – 5.63) 0.02 2.51 (1.12 – 5.60) 0.03 
P (trend)  0.09  0.12 
*Adjusted for age, gender, height, parental myopia, gestational age (except in the analysis of 
gestational age data), read words or picture books and total time spent outdoor.  
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4.2.7.5 Association of Clinical Definitions of Birth Parameters with Myopia in 
Children (Normal and High Range versus Low Range) 
 
Table 45 showed the results of the multiple logistic regression models for 
myopia (defined as SER < -0.5 D) by clinical definitions of the birth parameters 
and the lowest category as reference group. Generally, multivariate adjusted 
models (controlling for age, gender, height, parental myopia, gestational age 
except in the analysis of gestational age data, read words or picture books , and 
total spent outdoor) demonstrated that normal and high category of the birth 
parameters were no different from the low category in the risk of myopia (p value 
ranged from 0.22 to 0.87). 
Table 45. Association of Myopia with Clinical Definitions of Birth Parameters (Normal and 
High versus Low Range) 
 
Characteristic Myopia at least -0.5 D 
 Age-Gender adjusted 
OR (95% CI) P 
Multivariate* OR (95% 
CI) P 
Birth weight, kg     
Low (<2.5) 1  1  
Normal (2.5-4.0) 1.66 (0.98 – 2.81) 0.06 1.44 (0.80 – 2.59) 0.22 
High (>4.0) 1.38 (0.43 – 4.41) 0.58 1.19 (0.35 – 3.99) 0.78 
P (trend)  0.17  0.44 
Birth length, cm     
Low (<47.0) 1  1  
Normal (47.0-56.0) 1.09 (0.74 – 1.61) 0.67 0.86 (0.56 – 1.34) 0.51 
High (>56.0) 1.00 (0.12 – 8.47) 1.00 0.76 (0.09 – 6.60) 0.80 
P (trend)  0.91  0.80 
Birth head circumference, 
cm     
Low (< 32.0) 1  1  
Normal (32.0-36.0) 1.13 (0.69 – 1.81) 0.66 0.93 (0.56 – 1.57) 0.80 
High (>36.0) 1.16 (0.60 – 2.23) 0.66 0.93 (0.46 – 1.88) 0.84 
P (trend)  0.89  0.97 
Gestational age, weeks     
Full term (≥37.0) 1  1  
Pre-term (<37.0) 0.99 (0.64 – 1.52) 0.95 1.04 (0.67 – 1.61) 0.87 
     
*Adjusted for age, gender, height, parental myopia, gestational age (except in the analysis of 
gestational age data), read words or picture books and total time spent outdoor.  
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4.2.7.6 Association of Clinical Definitions of Birth Parameters with Myopia in 
Children (Low and High Range versus Normal Range) 
 
Table 46 showed the results of the multiple logistic regression models for 
myopia (defined as SER < -0.5 D) by clinical definitions of the birth parameters 
and the normal category as the reference group. Generally, multivariate adjusted 
models (controlling for age, gender, height, parental myopia, gestational age 
except in the analysis of gestational age data, read words or picture books, and 
total spent outdoor) demonstrated that low and high category of the birth 
parameters were not different from the normal category in the risk of myopia (p 
values ranged from 0.22 to 0.99). 
Table 46. Association of Myopia with Clinical Definitions of Birth Parameters (Low and 
High versus Normal Range) 
 
Characteristic Myopia at least -0.5 D 
 Age-Gender adjusted 
OR (95% CI) P 
Multivariate* OR 
(95% CI) P 
Birth weight, kg     
Low (<2.5) 0.60 (0.36 – 1.02) 0.06 0.69 (0.39 – 1.25) 0.22 
Normal (2.5-4.0) 1  1  
High (>4.0) 0.84 (0.29 – 2.38) 0.74 0.83 (0.29 – 2.38) 0.72 
P (trend)  0.17  0.44 
Birth length, cm     
Low (<47.0) 0.92 (0.62 – 1.36) 0.67 1.16 (0.75 – 1.80) 0.51 
Normal (47.0-56.0) 1  1  
High (>56.0) 0.92 (0.11 – 7.56) 0.94 0.88 (0.11 – 7.33) 0.90 
P (trend)  0.91  0.80 
Birth head circumference, cm     
Low (< 32.0) 0.90 (0.55 – 1.46) 0.66 1.07 (0.64 – 1.79) 0.80 
Normal (32.0-36.0) 1  1  
High (>36.0) 1.04 (0.65 – 1.68) 0.87 1.00 (0.60 – 1.66) 0.99 
P (trend)  0.89  0.97 
Gestational age, weeks     
Full term (≥37.0) 1  1  
Pre-term (<37.0) 0.99 (0.64 – 1.52) 0.95 1.04 (0.67 – 1.61) 0.87 
Low birth weight and smoking by 
mother during child’s life     
Normal birth weight and mother 
never smoked 1  1  
Low birth weight and mother 
never smoked 0.59 (0.34 – 1.02) 0.06 0.66 (0.36 – 1.21) 0.18 
Normal birth weight and mother 
ever smoked 0.40 (0.20 – 0.79) 0.01 0.47 (0.24 – 0.95) 0.04 
Low birth weight and mother 
ever smoked 0.50 (0.06 – 3.81) 0.50 0.71 (0.09 – 1.13) 0.74 
*Adjusted for age, gender, height, parental myopia, gestational age (except in the analysis of 




In this study of Chinese children aged less than 6 years, a family history of 
myopia was significantly associated with prevalence of myopia, longer AL and 
more myopic SER. Greater height was associated with a more negative SER and a 
longer AL. Higher BMI was associated with a longer AL. However, none of the 
anthropometric measures was associated with risk of getting myopia. Birth 
parameters such as birth length, weight and head circumference were associated 
with AL but not with myopia. Interestingly, children with mothers who ever 
smoked during the children’s life had a reduced risk of myopia despite the 
smoking prevalence of mothers were considerably lower than that of fathers (9.2% 
vs. 37.1%). However, importantly, no significant associations of near work or 
outdoor activity with myopia, AL and SER were found. These data suggest that a 
family history of myopia may play a more important role than environmental 
factors in determining early-onset myopia in Chinese preschool children. 
Prior epidemiologic studies have examined the risk factors for myopia, but 
were performed mostly in children older than 6 years. For instance, the SCORM 
cohort evaluated risk factors for myopia in Singapore Chinese children aged 7 to 9 
years[13, 89] at baseline while the SMS examined children aged 6 years and 12 
years.[14, 42, 118, 136] However, active emmetropisation commences at a very 
young age when the eye undergoes rapid growth in the first 18 months of age.[18] 
In other words, the potential for the eyes to develop towards emmetropia is greater 
at a very young rather than older age. Nevertheless, it is unclear whether the 
emmetropisation could be modulated by genetic factors or environmental factors 
or both. Early-onset myopia may be due to genes as the effects of environmental 
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factors are often cumulative and associated with later onset. We must also note 
that emmetropisation could be an active or passive process although recent 
experimental research supported an active process involving many regulatory 
factors. Therefore, the risk factors for early-onset myopia may intrinsically be 
expected to differ between children aged less than 6 years and more than 6 years. 
However, few studies have analysed the risk factors for early-onset myopia in 
children aged less than 6 years.[125, 129, 132] A Hong Kong study that examined 
514 Chinese children aged 2 to 6 years from two kindergartens, did not 
demonstrate associations either of family history of myopia or near work with 
myopia or AL.[125] A study[129] of 128 Singapore children aged 3 to 7 years 
from one kindergarten found no relationship between near work and myopia while 
another Singapore study[132] of 414 children aged 4 to 6 years from two 
kindergartens reported an association between near work and myopia. The two 
studies were limited by relatively small sample size and were conducted only in 
certain kindergartens. 
5.1 Risk Factors for Myopia 
5.1.1 Family History of Myopia 
The association of parental history with myopia, longer AL and more myopic 
SER in very young children aged 6 to 72 months in our study is consistent with 
results from previous studies in older children.[89, 101, 118-121] The OLSM 
examined 662 non-myopic school children initially aged 6 to 14 years and 
demonstrated myopia is more likely to develop in children with two myopic 
parents (11%) than children with one myopic parent (5%) or no myopic parents 
(2%).[101] Our results showed similar relationship except the proportion with 
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myopia for each category, as expected, was much higher than the OLSM (15.8%, 
9.6% and 8.9% for two, one and none myopic parents respectively). However, the 
OLSM used a strict definition of myopia (SER < -0.75 D) that might not have 
captured all the myopes had it used the less stringent definition used by STARS 
(SER < -0.5 D). Besides, the initial OLSM analysis was conducted in a much 
older age group compared to STARS. Nevertheless, our study conducted in 
Chinese preschool children showed a higher risk of myopia if one or both parents 
are myopic as compared to White children in OLSM. This could be due to the 
different genetic make-up in the two ethnicities; it is widely agreed that the East 
Asian populations, especially the Chinese, are the most susceptible to myopia than 
the Caucasian populations. However, this interpretation should be treated with 
caution as the two studies differed in methodologies specifically in age group and 
myopia definition. 
Population-based studies conducted in children have shown that the parental 
history of myopia was associated with myopia onset, longer AL and more myopic 
refraction in their children. Among 1453 Chinese children aged 7 to 9 years from 
the SCORM, children who have two myopic parents were reported to have a 
greater risk of myopia than those with one myopic parent (OR = 1.53; 95% CI 
(1.16, 2.01)).[89] In addition, the SCORM showed that having two myopic 
parents was associated with a longer AL and a more negative SER.[89] Likewise, 
the SMS assessed 2353 children aged 12 to 13 years, and found that children with 
one and two myopic parents were more likely to be myopic (OR = 2.3; 95% CI 
(1.8, 2.9) and OR = 7.9; 95% CI (5.0, 12.4)) in a dose response manner.[118] In 
the same fashion, the SMS demonstrated that children with two myopic parents 
were significantly more likely to have longer mean AL (23.32 ± 0.05, 23.44 ± 
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0.06 and 23.62 ± 0.16 mm for no, one, and two myopic parents) and more 
negative mean SER (0.70 ± 0.08 D, 0.34 ± 0.09 D and -0.55 ± 0.34 D for no, one, 
and two myopic parents).[118] Similarly, in another Caucasian population, the 
OLSM assessed 514 children and found that children with one and two myopic 
parents had about 2- and 5-folds greater risk of myopia respectively. Moreover, 
children with two myopic parents had longer eyes (based on anterior chambers 
and vitreous chamber depth) and more myopic SER than those with one and no 
myopic parents in the OLSM.[119]  
Our study is consistent with the results of prior studies by showing that two 
myopic parents conferred an approximately two-fold greater risk of myopia (OR = 
1.91; 95% CI (1.38, 2.63)) than children without myopic parents. Nevertheless, 
family history of myopia could either represent the effects of shared genes or 
shared environments.[123, 172] Parents who read more may encourage their 
children to read to the same degree. Nevertheless, Mutti and co-workers[121] 
evaluated the interaction between near work (split at median level of 50 diopter-
hours) and parental history of refractive error but did not find any significant 
interaction suggesting a lack of evidence to support a theory of inherited near 
work environment in the OLSM. The same researchers deduced that myopia was 
most likely due to heredity independent of near work. Likewise, in a recent twin 
study designed with statistical power to detect shared environmental effects, 
Lopes et al[173] found that shared environments accounted for only 7% of the 
total variance in refractive error. 
It would be relatively easy to differentiate the influence of genetic 
components and environments by comparing the correlation between parents’ and 
children’s SER and environmental factors such as near work (for example time 
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spent reading) and outdoor activities. For instance, if the correlation for SER 
between parents and children is high while that for near work activity (mean hours 
spent per day) is low, this would imply that family history of myopia is more 
important than near work in myopia development. But, the STARS did not collect 
data on parental activities and their refractive error status. 
Nonetheless, there were two prior studies conducted in Hong Kong that 
demonstrated the lack of association between parental history of myopia and AL 
and SER in Chinese children.[125, 126] The earlier study examined 123 Hong 
Kong Chinese school children aged 7 and 12 years but found no significant 
differences in median AL and SER of the children for the three parental categories 
of myopia status (no, one, and two myopic parents).[126] Likewise, the latter 
study, conducted in 514 Chinese school children aged 2 to 6 years (similar age 
range as the STARS), did not find an association of parental myopia status with 
longer AL and more myopic SER.[125]  
Both eye growth and refractive error are subjected to the influence of genetic 
variation since the eye consists of biological tissues such as cornea, retina, sclera 
and choroid. Differential gene expression profiles must therefore exist for 
different stages of the eye growth, for example, a ‘stop signal’ might be sent to the 
relevant feedback loop to slow the rate of eye growth when the eye reaches its 
optimum size or emmetropisation is completed. Indeed, a broad range of cell 
signaling and biochemical pathways in the regulation of eye growth have been 
documented in animal models.[52]  
The genetics of common myopia is complex and likely to involve single 
nucleotide polymorphisms (SNPs) and copy number variant (CNV) in more than 
one region of the genome. Besides, genetic susceptibility to myopia could be 
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further moderated by environmental interactions. Hence, myopia has been defined 
as a polygenic and multifactorial disease. To date, there are at least 14 genetic loci 
(MYP1 to 14) found to be associated with myopia based on a range of population 
studies.[174, 175] However, without identifying the putative eye growth 
regulation genes within the myopia loci, deductions would remain at best to 
associate myopia with the SNPs and CNV. On the other hand, candidate genes 
mapping have identified a range of genes relating to eye growth such as 
transforming growth β-induced factor (TGIF), transforming growth factor beta 
(TGFβ), hepatocyte growth factor (HGF) and its receptor, cMET, membrane-type 
frizzled related protein (MFRP), myocilin myopic susceptibility (MYOC) gene, 
collagen genes, matrix-metalloproteinases (MMP-1, MMP-3 and MMP-9) and 
PAX6. 
Genetic susceptibility can result in an earlier manifestation of a disease 
compared to the same disease caused by environmental factors.[176-178] Hence, 
early onset myopia in children aged 6 years or less may be attributed to genetic 
factors alone as these children are unlikely to be exposed to extreme 
environmental effects that induce myopia. Therefore, our study could be useful in 
identifying a population of children with mostly inherited myopia. 
5.1.2 Body Stature 
Few studies have assessed stature (height, weight and BMI) as a risk factor 
for myopia in children.[89, 136] The general consensus on stature is that height is 
positively associated with AL in children from SCORM and SMS. However, 
inconsistency still exists on the association between height and SER; SCORM 
showed that height is associated with myopic SER whereas findings from the 
SMS were contradictoty. Likewise, the effect of weight and BMI on AL and SER 
 160
remained inconclusive. Most of the previous population-based studies were 
conducted in adults.[137-141] The adult studies, in accordance with the findings 
of the children studies, unanimously showed that height was associated with AL 
but not with SER. However, the relationship between weight and BMI with AL 
and SER remained unclear. Nonetheless, both the children and the adult studies 
agree that stature was not associated with myopia status. 
Our population-based study of Chinese children aged 6 to 72 months showed 
that myopic children were significantly shorter, weighed lesser and have greater 
BMI than non-myopic children. Moreover, after adjustment for important 
confounding factors, height was not associated with myopia. Consistent with the 
results of previous studies, our study showed that height was associated with a 
longer AL. Apart from that, height was associated more myopic SER and weight 
was found to be positively associated with AL. The finding from children and 
adult studies suggest that the developmental mechanisms responsible for the 
effects of height on axial growth appear conserved from the very young preschool 
children to the older school children.  
However, it should be noted that there is hitherto no clear agreement on the 
association between stature and myopia. Prior adult studies demonstrated that 
myopic people are significantly taller[179-186] and heavier[39, 43, 181, 183, 184, 
187] than non-myopic individuals. One of the most probable reason for this 
observation attempts to relate to better nutrition to higher incidence of myopia; 
Gardiner noted that myopic children, especially girls, grew faster and matured 
earlier than non-myopic children.[185, 188] Conversely, other studies found that 
myopic individuals were shorter and lighter than non-myopic people.[43, 183, 187, 
188] One study also found no relationship between myopia and body stature 
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(height, weight and BMI).[189] For instance, the latest and largest study 
conducted by Rosner in 106,926 Israelis male military conscripts aged between 17 
and 19 years concluded that myopia was not associated with high stature and 
therefore disproved the relation of myopia development with better nutrition and 
greater growth.[188] To our knowledge, only one study has attempted to estimate 
the risk of myopia by stature. The Genes in Myopia (GEM) twin study examined 
1224 twin pairs and found that adults who weighed more than 80 kg had the 
greatest risk of myopia compared to those who weighed less than 61 kg (OR = 
1.48; 95% CI (1.00, 2.20)) after adjusting for age, gender and education 
attainment. Nevertheless, the GEM twin study did not demonstrate the association 
between myopia and height or BMI.  
Considering the previous results, the overall picture indicated an association 
between height and AL which provides evidence for the mechanism of growth 
pertaining to body size to be responsible for eye ball development. For instance 
there could be a common genetic component for height and myopia or overall 
body development which results in taller height could act through the same 
genetic or biochemical pathway to induce longer AL. However, physiologically, 
longer AL in taller children may or may not contribute to myopia development 
given the fact that emmetropisation occurs at the very young age. Nevertheless, 
one theory hypothesizes that increases in insulin resistance in our population, as a 
result of improved dietary intake of highly processed carbohydrates in modern 
society, raises the risk of myopia thorough axial elongation.[190]. This theory 
links the association between longer AL and stature since greater stature results 
from increased intake of processed food. More studies would be needed to find the 
biochemical or biological relationship linking body statures to myopia and ocular 
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biometry. One of the areas of interest would be hormones that are implicated in 
both body stature and myopia development. 
However, stature is also highly influenced by socio-economic status. For 
instance, children from wealthier families may take in more nutrition than children 
from poorer families. This could explain the contradictory findings when 
examining the association of stature with myopia. Besides, the adult studies could 
be confounded by the differential puberty growth in every individual which may 
distort the true relationship between stature and myopia. Hence, our study in very 
young children may present an ideal environment to better examine the relation 
between myopia and stature. 
5.1.3 Near work 
In our study, we examined both near work activity (for example hours 
spent performing reading) and parameters such as reading distance and breaks. In 
our study, neither near work activity nor its parameters was independently 
associated with myopia, more myopic SER and longer AL in children aged 6 
years or less. Multivariate analyses showed that very young children who spend 
more time in preschools had a shorter mean AL and children who spend more 
time on total near work activities had more hyperopic mean SER. Conversely, 
spending more time on near work appears to be an important risk factor for 
myopia, more myopic SER and longer AL in older children aged 6 years or 
more.[13, 42, 121, 130] In 1005 Singaporean children aged 7 to 9 years from the 
SCORM study, those who read more than two books per week had a greater risk 
(OR = 3.05; 95% CI (1.80, 5.18)) of higher myopia (SER of at least -3.0 D) 
compared to those who read less than two books per week.[13] Another analysis 
on 1453 Singapore children aged 7 to 9 years from the SCORM found that 
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children who read more than two books per week had longer AL (regression 
coefficient = 0.17, 95% CI (0.07, 0.26)) and more myopic SER (regression 
coefficient = -0.3, 95% CI (-0.48, -0.12)) than those who read less than two books 
per week.[89] Comparably, continuous reading (>30 minutes) and close reading 
distance (<30 cm) increased the risk of myopia by 1.5 (95% CI (1.05, 2.10)) and 
2.5 (95 % CI (1.74, 4.0)) fold, respectively, in 2353 children aged 12 to 13 years 
from the SMS.[42] The SMS also showed that longer time spent on reading for 
pleasure (p trend = 0.03) and close reading distance of less than 30 cm (p trend = 
0.0003) were associated with more myopic SER after adjustment for 
confounders.[42] Besides, a previous study conducted in 340 children aged 5 to 14 
years from Newfoundland, Canada, showed that the SER became more myopic by 
0.43 D with each hour increase in near work after controlling for age, sex and 
education.[38] In a 3 years prospective matched control study of 114 non-myopic 
Turkish boys (N = 67 school children and N = 47 skilled laborers; mean age = 13 
years), 59.7% and 21.3% of the school children and skilled laborers became 
myopic at the end of the study (defined as SER < -0.5 D) respectively which 
suggested that greater near work was responsible for the greater incidence of 
myopia in the school children.[130]  
Nevertheless, some studies had demonstrated a lack of association between 
near work and myopia.[129, 133] The X-PRES analysed 998 Chinese school 
children aged 13 to 17 years and reported a lack of association between reading 
(hours per week) and myopia (OR = 1.27; 95% CI (0.75, 2.14)).[133] The study 
also found a lack of association between near work and SER.[133] However, the 
results may not be generalised to the entire population since the X-PRES was 
school-based. In another study, the analysis on the data of 128 children from one 
 164
kindergarten in Singapore found that the OR of myopia is near to 1.0 (95% CI (0.8, 
1.3)) for near work activity after adjusting for parental history of myopia and 
age.[129] However, the lack of association could be due to the small sample size. 
Children aged 6 years or less may perform less near work because of a less 
intensive preschool curriculum compared with more formal elementary school 
which children attend upon reaching 6 years of age. This could explain the lack of 
association between near work and myopia, SER and AL. Possibly, there should 
be longer cumulative duration of near work before the effect of near work on 
longer AL and more myopic SER is present. Thus, the increase in exposure to 
near work when the child enters the highly intensive elementary school system 
could trigger increased and unregulated eye growth, thereby enhancing the 
association between near work and longer AL, more myopic SER and myopia. 
Children in our study spent less time per week (12.46 versus 23.54 hours) on 
mean total near work activities (the sum of reading, writing, computer use, and 
crafts outside school) than older children from SCORM.[191] Besides, current 
literature suggests that the effect of near work on myopia onset appears most 
significant in children aged 6 years or more.[38, 121, 129, 192] For instance, the 
OLSM studied 366 American children (mean age of 13.7 years) and found that the 
multivariate OR of myopia for each dioptre-hour per week was 1.02 (95% CI 
(1.008, 1.032)).[121] Likewise, among 1378 Greek children aged 15 to 18 years, 
43.1% of the myopic children studied more than 5 hours per day compared to 
28.6% of the non-myopic children (χ2=37.36, p<0.001).[192]  
Despite near work being demonstrated as a known risk factor for myopia, the 
strength of the association remained relatively weak. This reflects the difficulties 
in quantifying near work activities; most of the studies used temporal-based or 
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accommodation-weighted indices to control for near work which may not 
accurately capture the important information on the actual near work performed as 
well as its parameters. Although our questionnaire on near work was 
comprehensively designed to cover all aspects of near work performed, no 
association between near work and myopia was seen. This could be a genuine 
result or it could be the inadequacy of our near work questionnaire which caused 
the lack of association between near work and myopia. 
Understanding the mechanism of the effect of near work on myopia 
development may help us to address the difficulties faced with near work analysis. 
It was initially proposed that performing near work subject the eye to excessive 
accommodation which translates into greater mechanical forces acting posterior of 
the eye which is poorly resisted by the sclera and eventually lead to the elongation 
of the eyes.[193] Nevertheless, recent SCORM result did not find an association 
between intraocular pressure and AL or refractive error.[194] Generally, myopic 
children have a greater accommodative lag as compared to emmetropic or 
hyperopic children.[20] It was proposed that the accommodative lag from a 
deficient accommodative response experienced when performing near work is 
putatively analogous to hyperopic defocus.[20, 195, 196] However, it has been 
shown that hyperopic defocus may not be a strong risk factor for myopia onset or 
faster myopia progression as recent study by the Collaborative Longitudinal 
Evaluation of Ethnicity and Refractive Error (CLERE) showed that 
accommodative lag was similar across myopic children before the onset of 
myopia and those who remained emmetropic.[196] Besides, attempt to control 
myopia progression by reducing accommodation demand with progressive 
addition lenses (PAL) was met with limited success.[160] Recent animal 
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experiments found eyes to be more responsive towards the inhibition of ocular 
growth as compared to the stimulation of ocular growth.[197-200] In view of this, 
the data on the period of intermittent break from near work may be promising for 
deciphering the cause of the lack of strong association between near work and 
myopia.  
In experimental models, a higher prevalence of myopia was found in cage-
reared animals as compared to wild animals and lid-statured primates as well as 
chicks wearing diffuser on one eye reared in light environment develop longer AL 
and myopia compared to the fellow eye.[201] This is an example of form 
deprivation myopia (FDM) as lid-statured primates reared in the dark do not 
develop myopia.[201] Near work such as reading can also be considered as a type 
of FDM since the printed page may act a poor signal for the nonfoveal retinal 
neurons, which have large receptive fields. Performing near work could result in 
retina defocus and when there is lack of inhibitory signals stimulated by myopic 
defocus, the eye could elongate in an unregulated manner and develop myopia.  
Recent studies in both humans and animals have provided substantial 
evidence of relative peripheral hyperopic defocus with respect to the central 
refraction in the development of myopia and hence more research should be 
directed towards the connection between the periphery of the retina and near work 
in causing myopia.[202-204] A recent review by Mutti and Zadnik explictly 
summarizes the controversy surrounding near work and myopia.[205] 
5.1.4 Outdoor Activity 
Although outdoor activity was recently shown to be another major 
environmental factor for myopia, mounting evidences showed that outdoor 
activity may protect against myopia onset and development perhaps by inhibiting 
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or slowing eye growth.[14, 15, 121] The recent studies agree that children who 
spend more time outdoor were more likely to have a lowered risk of myopia, 
shorter AL, and more hyperopic refraction than those who spend less time outdoor. 
In 1249 Singapore children aged 11 to 20 years, engaging in more outdoor activity 
was found to protect against myopia (OR = 0.90; 95% CI (0.84, 0.96)) and every 
increased hour spent outdoors was associated with a shorter AL by 0.06 mm (95% 
CI (-0.1 , -0.03)) and a more hyperopic SER by 0.17 D (95% CI (0.1, 0.25)).[15] 
Similarly, among 2367 children aged 12 to 13 years from the SMS, those 
spending the greatest time outdoors were least likely to be myopic and those who 
performed high near work and low outdoor compared to those who performed low 
near work and high outdoor had a greater risk of myopic (OR = 2.6; 95% CI (1.2, 
6.0)).[14] In addition, the time spent outdoors was associated with a decreased 
risk of myopia (OR = 0.78; 95% CI (0.63, 0.96)). Besides, higher level of outdoor 
activity was associated with more hyperopic refraction and lower myopia 
prevalence in the 12-year-olds. The SMS further evaluated 1765 children aged 6 
years and 2367 children aged 12 years and found that every hour spent outdoors 
was corresponded with a 0.05 D and 0.07 D increase in SER respectively.[14] In 
addition, the OLSM reported a protective role of greater time spent on sports and 
outdoor activities for myopia (OR = 0.92; 95% CI (0.86, 0.97)) in a cross-
sectional study of eighth grade school children with mean age of 13.7 years,[121] 
and more recently in a longitudinal study (OR = 0.91; 95% CI (0.87, 0.95)).[120] 
However, the OLSM only examined outdoor sports and activities together, and 
not separately, in their analysis. In adult population, one study conducted in 156 
Danish medical students demonstrated that physical activity was associated with a 
more hyperopic refractive change in a 3-year period (0.175 D, 95% CI (0.035, 
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0.315)).[134] The authors proposed that physical activity may be a surrogate for 
outdoors since most students used bicycles as a form of transportation. 
We did not find a protective role of outdoor activity for myopia in children 
aged less than 6 years in the STARS. Neither did we find outdoor activity to be 
associated with AL or SER in children aged less than 6 years. The only other 
study that showed that outdoor was not associated with myopia came from the X-
PRES.[133] This is surprising given the findings of the consistent and robust 
association between outdoor activity and myopia in different populations of 
children aged more than 6 years which includes Singaporean teenagers and 
Australian children. A possible explanation for this discrepancy is that the very 
young Chinese children in our study may engage in less cumulative outdoor 
activity than older children who participate in compulsory physical education 
lessons, outdoor sports and school games. However, this hypothesis will need to 
assume that the human eyes have mechanisms, possibly located in the retina, to 
“remember” the cumulative effect of outdoors on the inhibition of onset and 
progression of myopia in children.  
Although there is some evidence to suggest that photoreceptors are 
responsible for mediating the effect of near work on myopia development, not 
much is known about the biological mechanisms through which being outdoors 
exert its anti-myopigenic effect. Rose et al proposed two explanations for the 
effect of outdoors on inhibiting myopia development: 1) Higher light intensity 
present in outdoors than indoors causes more pupil constriction which is followed 
by greater depth of field and less image blur and, 2) light stimulate dopamine 
release from the retina which subsequently inhibit eye growth.[14] In animal 
models, higher intensity of light levels can retard the effect of form deprivation 
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myopia in chicks which was shown to mediate though the action of dopamine 
release from the retinal dopaminergic cells.[206] Besides, higher light intensity 
also causes the cornea to flatten severely in chick model.[207] In addition, recent 
studies conducted in humans and animals have shown that a relative hyperopic 
defocus results in myopia development.[202-204] However, this state of relative 
peripheral hyperopic defocus is usually abolished in outdoor where one is 
subjected to longer viewing distance which may account for the protective effect 
of outdoor on myopia.  
5.1.5 Parental Smoking 
Parental smoking was recently demonstrated to provide a protective role 
against myopia and associated with shorter AL and more hyperopic SER.[146, 
147] The SCORM demonstrated that the years mother smoked during the child’s 
life was associated with a shorter AL (regression coefficient = -0.07, 95% CI (-
0.12, -0.015)) and more hyperopic SER (regression coefficient = 0.15, 85% CI 
(0.041, 0.25)) in the child.[145] However, the association between myopia and 
parental smoking was not found in the SCORM. The Philadelphia study 
conducted in 323 patients aged between 1 to 20 years from US showed that 
children had a lower myopia prevalence when one or both parents ever smoked 
than those whose parents never smoked (12.4% vs. 25.4%).[146] Besides, 
children with parents who ever smoked, ever smoked during their children’s life, 
and ever smoking during pregnancy had a lower risk of myopia than those whose 
parents never smoked. The same findings were replicated when mother’s and 
father’s smoking history were analysed separately but the statistical strength of the 
association was significantly lessen than when analysed by either parents smoking 
history suggesting that possible confounding of the exposure from individual 
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parents by different exposures from the two parents in families in which only one 
spouse smoked. Besides, the US study showed that when one or two parents ever 
smoked, the children had a more hyperopic mean SER (1.83 ± 0.24 vs. 0.96 ± 
0.27 D; p = 0.02) as compared to children whose parents never smoked.[146] 
Furthermore, the protective effect of smoking can also be seen in a recent adult 
study conducted in Handan, China, which had found reduced risk of myopia with 
current smoking (OR = 0.7; 95% CI (0.5, 0.9)).[147] On the other hand, the 
SiMES showed that shorter AL was associated with a smoking history in Malay 
adults aged 40 to 80 years (current vs. never smoked, β = -0.072, p = 0.003; past 
vs. never smoked, β = -0.053, p = 0.021).[208] 
Overall in the STARS, the prevalence of myopia was lower among the 
children whose father’s or mother’s or either parent had a positive history of 
smoking than those whose parents never smoked. However, father’s who ever 
smoked during the children’s life had no effect on the prevalence of myopia in 
their children. In multivariate analysis, we found that parameters of mother’s 
history of smoking was the crucial factor associated with myopia in their children, 
specifically, mother ever smoked and ever smoked during their child’s life. 
Furthermore, when analysed by birth weight and mother smoking during the 
child’s life, the statistically significant reduced risk of myopia in children was 
only seen in children with good birth weight suggesting that low birth weight did 
not affect the odds of getting myopia among mother who smoked during the 
child’s life. 
It is difficult to explain the significant association found only in maternal 
smoking and not in paternal smoking after adjusting for known confounders in the 
STARS. Unlike the SCORM study where only a small number of mothers smoked 
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(n = 23), the STARS had greater proportion of mothers who ever smoked (n = 
272). Hence, our estimate of the risk of myopia with respect to maternal smoking 
is likely to be true. One possible explanation is mothers could spend more time 
together with the children as compared to fathers such that the exposure of the 
child to passive smoke would be contributed more by the mother than the father. 
Alternatively, the lack of association between paternal smoking and myopia in the 
child alone may suggest that there is no true association between passive smoking 
and myopia in children. We did not control for parental education and socio-
economical status in our analysis as the two variables were not associated with 
myopia in the children.  
Our study showed that 29.6% and 5.8% of the fathers and mothers 
currently smoked respectively while past smokers accounted for 7.5% and 3.4% 
of the number of fathers and mothers correspondingly. These proportions are 
comparable to the fractions obtained by an independent established smoking 
behavior, namely the Singapore 2004 National Health Survey.[209] (24.9% and 
4.1% of the fathers and mothers currently smoked and 10.6% and 1.3% of the 
fathers and mothers were past smokers respectively) 
In contrast, no associations between parental history of smoking and AL 
and SER were found in our analysis of very young Chinese children aged 6 to 72 
months. Considering that myopia was associated with both maternal smoking 
during the child’s life and if mothers ever smoked, this finding appeared to be 
contradictory because most myopia is axial in nature. However, we must not 
forget that emmetropisation takes place in very young children and any increase in 
AL at that period may not be effective in causing myopia which could explain the 
lack of association between AL and maternal history of smoking. The lack of 
 172
association between SER and parental history of smoking is hard to interpret. 
Perhaps, the prevalence of smoking is low among the mothers which could 
account for the weaker association. 
The mechanism through which smoking mediates protection against 
myopia onset is unknown and proved to be elusive. Particularly, nicotine is a 
likely candidate as it is widely known for modulating neurotransmission in the 
brain. Stone and co-workers proposed that nicotine and other components of 
tobacco smoke can act on the nicotinic acetylcholine receptors and either causes 
upregulation or desensitization of the receptors and through unknown biochemical 
pathways to bring about dopamine or γ-aminobutyric acid (GABA) action on the 
retinal neurotransmitter systems, which has been implicated with refractive 
developments.[146] Nevertheless, other chemicals found in tobacco smoke, which 
may be affect refractive error development could also be responsible for the 
protective effect on myopia. 
5.1.6 Birth Parameters 
The fetal origin hypothesis states that fetal adaptation to intrauterine under-
nutrition during antenatal development has a lasting effect on the higher risk of 
acquired human diseases later in life.[210] Birth parameters, namely birth weight, 
birth length, birth head circumference and gestational age, can be considered as 
surrogate markers for fetal growth as birth weight has been used more frequently 
than other measures.  
Only three studies had evaluated birth parameters as a risk factor for myopia 
specifically in children and the studies showed agreement that birth weight is 
associated with AL.[142, 143, 211] The SCORM study showed that birth weight, 
length, head circumference and gestational age (in the normal range) were not 
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associated with myopia (defined as SER < -0.5 D) and high myopia (defined as 
SER < -3.0 D), after adjusting for potential confounders.[143] However, the same 
Singapore study demonstrated that heavier birth weight, longer birth length,  
greater head circumference and greater gestational age were associated with 
longer AL but not with SER.[143] On the other hand, the SMS only found birth 
length to be associated with AL albeit with a weak association (p = 0.047) and 
SER to be unrelated to birth size.[142] In contrast, a previous study conducted in 
1754 children aged 6 years in Canada found that children with low birth weight (< 
2500 g) had a higher risk of myopia (OR = 1.87; 95% CI (1.13, 3.10)) (defined as 
SER < -0.25 D) compared to children with normal birth weight (> 2500 g).[211] 
However, the Canadian study utilised a retrospective case-control methodology in 
their analysis. 
Our findings from the STARS showed that birth parameters were not 
associated with myopia, which concurs with the results from the SCORM. 
Perhaps, birth size in the normal range has no relation with early-onset of myopia. 
The STARS also showed that birth weight, length and head circumference were 
associated with AL but not with SER in the very young children.  
Birth size may be a surrogate for fetal growth and development. When there 
is poor antenatal nutrition, the fetus may grow smaller and develop slower than 
when there is good antenatal nutrition, which in turn may result in smaller eye. On 
the other hand, an explanation for the lack of association between gestational age 
and AL could be the effect of prematurity may manifest only later in life, for 
instance in school-going children older than 6 years. 
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5.2 Implications of study Results 
 Both environmental factors and genes are known to play important roles 
for myopia onset in older children. Near work has always been identified as the 
most important and plausible independent risk factor for myopia in many 
observational studies in children aged more than 6 years. Past centuries of studies 
had consistently shown that individuals who attained higher education had a 
greater propensity of wearing spectacles for correcting myopia than those who are 
less educated possibly due to greater amount of near work performed. Likewise, 
time spent outdoors has recently been implicated and established as another novel 
and important independent protective factor for myopia in older children aged 
more than 6 years; it is not merely a reciprocal of near work since the amount of 
time spent outdoor do not correlate with the amount of near work. However, near 
work and outdoor activity which have been advocated as the major environmental 
risk factors based on prior studies, are not associated with very early-onset myopia. 
Although both genes and environments play important roles in myopia 
development in older children aged more than 6 years, the relative importance of 
genes and environments in causing myopia currently remain unknown. 
Consequently, the resultant gene-environment interactions is complex and till now, 
we have observed the interaction of the number of books read per week and 
parental myopia to modify the risk of myopia.[212] In children less than 6 years, 
our result showed that the key environmental factors such as near work and 
outdoor were not significantly associated with early-onset myopia, whereas 
parental myopia was significantly associated with early-onset myopia. This 
suggests that the genes rather than environments could play a substantial role in 
the development of very early-onset myopia. Moreover, very young children are 
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highly unlikely to perform large amounts of near work and engage in huge 
amounts of time outdoors, and also the cumulative effect has not exceeded the 
threshold for myopigenesis.  
Based on the current literature and our results, genes are more likely to 
contribute to very early-onset myopia in children aged less than 6 years compared 
to environmental factors. In contrast, myopia can be caused either by genes, or 
environments or both in children aged more than 6 years. Older children who 
became myopic in elementary school could be due to the greater amount of near 
work performed and the lack of outdoor activities, and also due to hereditary. Our 
results suggest that the etiology of very early-onset myopia is different from 
school-onset or even adult-onset myopia. Plausibly, myopia onset in the very 
young children is genetic in nature. When children enter mainstream schools at 
age of 6 years, the myopia onset during the school years is attributed to genes, 
environments or an interaction of genes and environments. However, the relative 
contribution of genetic factors to myopia onset in the school years is likely to be 
reduced compared to early-onset myopia. Conversely, adult-onset myopia is most 
likely to be attributed to environments because of the secular accumulation of 
environmental insults. 
Generally, genetic susceptibility is suggested to cause an earlier onset of a 
disease than the same disease caused by environmental factors; the later onset of 
the same disease would require an accumulation of environmental insults over 
time.[213] To illustrate this concept, it was observed that earlier the onset of a 
disease, the more severe will be its form compared to the milder form of the same 
disease seen in late-onset patients. Many important human diseases often have an 
early-onset manifestation among individuals with a family history compared to 
 176
those without a family history of diseases. These diseases include certain cancers 
such as cutaneous malignant melanoma[176], breast cancer[177, 178] and 
retinoblastoma[214], parkinson’s disease[215, 216], and eye diseases, such as 
primary open-angle glaucoma.[217] Particularly, myopia is observed to be 
associated with many evidently inherited syndromes known to have a strong 
genetic component, such as Marfan[218], Weill-Marchesani[219], Stickler[220, 
221] and Knobloch syndromes[222] as well as two forms of congenital night 
blindness[223, 224]. Most of these syndromes are often associated with congenital 
or early-onset high myopia. The observed manifestation of early-onset diseases in 
those with genetic susceptibility and association of high myopia with many 
inherited syndromes imply that the myopia seen in our very young children might 
be driven primarily by genetic factors. 
In very young children in whom genetic component may play a major role in 
the development of myopia, understanding the genetics of myopia could enable 
geneticists to identify the implicated myopia genes and aid in directed physiologic 
(i.e., pharmacologic, gene therapy) interventions. We speculate that our finding is 
suggestive of identifying a group of very young children in which very early-onset 
myopia is attributed mainly to genetic factors and less or none to environmental 
factors. At the same time, a relatively high proportion of children were myopic in 
our sample (301 myopic children). Our group of very young Chinese children 
aged 6 years and below presents a unique opportunity to apply genetic studies, for 
instance genome-wide association studies (GWAS), in elucidating the genes for 
early-onset myopia. The knowledge obtained from elucidating the genetics of 
myopia, together with genetic screening and genotyping will allow doctors to 
predict the risk of myopia in very young pre-myopic children particularly those 
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with a family history of myopia. Children genotyped with high risk of myopia 
could be recommended for currently available myopia interventions such as 
atropine eyedrops. 
5.3 Strengths and Limitations 
5.3.1 Strengths 
The principal strength of STARS was the population-based design conducted 
in Singapore Chinese children. Close to 82.4% of the Singaporean households live 
in public housing and our sampling frame is selected from the children living in 
the public housing. The high density population of Singapore allowed our team to 
reach out to more participants in a shorter time. Therefore, the results of our study 
could be generalised to the rest of the Chinese children living in public housing. 
Our study is unique by recruiting a very young group of Chinese infants and 
children aged less than 6 years for risk factors analysis of myopia. Most 
population-based studies for the risk factors for myopia have been conducted in 
children aged 6 years or more. The methodology of the STARS adhered closely to 
that of the MEPEDS[168] and BPEDS[169] so as to allow comparison to be made 
between the rates and causes of refractive error and ocular diseases among the 
different populations by ethnicities and geographic locations. The results of the 
STARS obtained can serve to formulate health care policy relating to eye care and 
intervention at earlier ages have been advocated and shown to have the greatest 
potential benefit. 
We have a very large sample of very young children for our study (n = 3009) 
to provide the desired statistical power to estimate relationship between the risk 
factors and myopia (OR). The response rate was fairly high at 72.3% and 
therefore our study was able to minimise “self-selection” and non-respondent bias. 
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Besides, our response rate was higher compared to that of the BPEDS (62%)[169] 
and only slightly lower than of the MEPEDS (78%).[168] Thus, the participants in 
our study can be considered a representative sample of our study population 
residing in the South-Western regions of Singapore. 
Cycloplegic objective autorefraction is performed as far as possible for each 
participant to ensure that the refraction data are comparable internally within the 
study population as well as externally with MEPEDS and BPEDS. In addition, we 
used the more reliable and accurate table-mounted autorefractor to assess the 
refractive error in the children. 
5.3.2 Limitations 
 
Firstly, STARS is a cross-sectional study and thus unable to assess the 
temporal relation between myopia and its risk factors. Our results can only 
provide evidence for an association but not for causality between myopia and its 
risk factors. 
Secondly, parental estimates of their children’s near work or outdoor activity 
were subjected to misclassification bias. For instance, limitations in recall could 
arise; parents who are both working, and thus spend less time with their children, 
can under-estimate or over-estimate the amount of time their children spend on 
near work and outdoor activity which could cause non-differential miss-
classification. Likewise, recall bias could occur; parents who had myopic children 
may tend to over-estimate their children time spent on near work and therefore 
subjecting the study to differential misclassification. 
Thirdly, non-participants could have differed from participants such that the 
prevalence of the risk factors for myopia may be distorted. Children currently 
receiving ophthalmic care may choose not to participate which could result in the 
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under-estimation of the prevalence of myopia. Affluent families may not be 
receptive towards the study incentives and choose not to join because of the 
inconvenience and disruption to their normal schedule. Besides, more participants 
in our study came from recruitment areas closer in distance to the clinical sites, 
which may lead to selection bias and may either over- or under-estimate the 
prevalence of myopia. 
Because of the huge age range of our study (6 to 72 months), three different 
tests for refraction was employed which could distort the actual prevalence of 
myopia due to issues relating to reliability and validity of the instruments. 
Autorefraction was generally less testable in the younger age groups between 12 
to 30 months which could under-estimate the prevalence of myopia. Slightly less 
than one-fifths of the refraction data came from using the hand-held autorefractor, 
Retinomax, which have been shown in our validation study to produce a more 
myopic mean SER.[170] and, thus may contribute to a higher prevalence of 
myopia. 
Although the questionnaires used in our study attempted to cover a 
comprehensive range of factors, there might be other potential and novel pre-
school lifestyle factors that we had not included. Besides, the potential for 
interviewer bias cannot be ignored. However, this was unlikely to take place as 
our interview staffs were well trained and qualified to conduct interviews. 
Lastly, analysing only very young children living in the public housing in the 
South-Western part of Singapore could prevent the generalisability of our findings 
to the very young children living in the whole of Singapore. For instance, the 
latest Singapore Census of Population 2010 showed that 87% of the households 
from the South-Western and Western part of Singapore lived in public housing as 
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compared with 81% in other parts of Singapore.(Table 47)[225] Generally, the 
social-economic status was generally much higher among those living in private 
housing as compared to those living in public housing; higher households income 
and being more educated (76.2% vs. 45.0% with total monthly of more than 
S$5000, and 53.7% vs. 17.3% with university degrees and above) is found in 
those living in private housing as compared to those living in public 
housing.(Table 47)[226] Possibly, the myopi-genic environments of very young 
children who live in private housing or regions not from the South-Western and 
Western part of Singapore could be very different from those recruited in our 
study; the prevalence of myopia in very young children living in private housing 
and also those from regions of Singapore not in the STARS recruitment areas 
could be higher than the prevalence observed in STARS study since higher social-
economic status is a risk factor for myopia. 
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Table 47: Singapore Census of Population 2010 (Dwelling Types by Combined income, 
Education and STARS Recruitment Areas) 
 Dwelling Types (Frequency and proportion) 
 
Public housing (HDB flats) Private housing 
(Condominiums and Private 
Flats, Landed Properties and 
Others) 
Combined Monthly Income    
<S$1000 140362 (14.9%) 22410 (11.1%) 
S$1000-S$2999 189588 (20.1%) 10449 (5.2%) 
S$3000-S$4999 189497 (20.1%) 15140 (7.5%) 
>S$5000 424412 (45.0%) 154063 (76.2%) 
Highest attained education level of 
head of household   
None/Primary school 245931 (26.1%) 11499 (5.7%) 
Secondary school/ N- or O-Level 319595 (34.0%) 35028 (17.4%) 
Diploma/ITE/Certificate/A-Level 213220 (22.7%) 46611 (23.2%) 
University 162567 (17.3%) 107841 (53.7%) 
STARS recruitment Areas   
Yes (Bukit Batok, Clementi, Jurong 
East, Jurong West, South Central 
and others) 
772909 (87.0%) 115303 (13.0%) 
No 2336746 (81.0%) 546763 (19.0%) 




In conclusion, our study found an association of family history of myopia and 
stature with myopia, more myopic refraction and longer AL in Singaporean 
Chinese preschool children aged 6 to 72 months. Similarly, birth parameters were 
associated with longer AL. In addition, maternal smoking could reduce the risk of 
myopia in this very young group of children. However, key lifestyle factors such 
as near work and outdoor activity were not significantly associated with myopia in 
this study. These data suggest that the cumulative effects of near work and 
outdoor activity may only influence the development of myopia in older children 
during school years, such that genetic factors may play a more substantial role in 
the development of early-onset myopia. As a result, very young children with or 
without myopia could be genotyped in the GWAS to look for very early-onset 
myopia genes. Identifying the genetics of myopia may help in designing new 
therapies to treat and control myopia in this very young group of children. 
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Low W, Dirani M, Gazzard G, Chan YH, Zhou HJ, Selvaraj P, Au Eong KG, 
Young TL, Mitchell P, Wong TY, Saw SM. Family History, near work, 
outdoor activity, and myopia in Singapore Chinese preschool children. 
Purpose: To investigate the risk factors for myopia, including near work and 
outdoor activity, in Singapore Chinese preschool children. 
Methods: A cross-sectional study, with disproportionate random sampling by 6-
month age groups, of 3009 Singapore Chinese children aged 6-72 months was 
performed. Information on family history, near work and outdoor activity was 
obtained. Spherical equivalent refraction (SER) was assessed. 
Results: Children with two myopic parents were more likely to be myopic 
(adjusted OR=1.91; 95% CI 1.38 to 2.63) and to have a more myopic SER 
(regression coefficient=-0.35; 95% CI -0.47 to -0.22) than children without 
myopic parents. For each 1 cm taller height, the SER was more myopic by 0.01 
dioptres. Neither near work nor outdoor activity was associated with preschool 
myopia. 
Discussion and Conclusion: A family history of myopia was the strongest factor 
associated with preschool myopia. In contrast, neither near work nor outdoor 
activity was found to be associated with early myopia. These data suggest that 
genetic factors may play a more substantial role in the development of early-onset 
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Risk Factors for early-onset myopia in Singapore Chinese preschool children 
Aged 6 to 72 Months. 
Purpose: To investigate the risk factors for myopia, including near work and 
outdoor activity, in Singapore Chinese preschool children. 
Methods: A cross-sectional study, with disproportionate random sampling by 6-
month age groups, of 3009 Singapore Chinese children aged 6-72 months was 
performed. Information on family history, near work and outdoor activity was 
obtained. Spherical equivalent refraction (SER) was assessed. 
Results: Children with two myopic parents were more likely to be myopic 
(adjusted OR=1.91; 95% CI 1.38 to 2.63) and to have a more myopic SER 
(regression coefficient=-0.35; 95% CI -0.47 to -0.22) than children without 
myopic parents. For each 1 cm taller height, the SER was more myopic by 0.01 
dioptres. Neither near work nor outdoor activity was associated with preschool 
myopia. 
Conclusion: A family history of myopia was the strongest factor associated with 
preschool myopia. In contrast, neither near work nor outdoor activity was found to 
be associated with early myopia. These data suggest that genetic factors may play 
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